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y 1. Summary i
1 The purpose of this research was to develop and describe a ﬁ
3 methodology through which the effects of daylight in an interior )
K4 environment may be quickly and accurately predicted. 3
The research resulted in the computer program DAYCU2, which is -
implemented in FORTRAN-77 on the DEC VAX 11/780 minicomputer. The 3
> program will run without modification on any other model in the VAX ﬁ
series, and should be transportable with minimum conversion effort -4

onto any other computer system which supports ANSI standard FORTRAN-
77 and has sufficient memory (approx. 150k bytes).

Executing DAYCU2 generates the daylighting coefficient of uti-
lization (CU) tables, which appear in Appendix T of this document.
To use the tables, the user need only determine the vertical illu-
minance at the window produced by the sky and by the ground. If
venetian blinds are involved the user must also determine the
vertical illuminance produced by the sun. Once these illuminances
are determined, a few multiplications and additions yield the pre-
dicted illuminance at any of 5 target points within the room.

e T T

The remaining sections of this document discuss:

1. The underlying assumptions involved in the generation of the CU
tables.

2. How to use the CU tables.

3. Comparisons of results obtained with the CU tables against
those obtained from'the method given in the IES publication
RP—S .

4, The mathematical basis and logic flow of the computer program
DAYCU2.

5. Advice for getting the most out of the tables.

INCY N AP 1

The CU tables themselves are given in Appendix T. Other ap-
pendices contain the DAYCU2 computer program source code and addi-
tional mathematical formulae and derivations not appropriately in-
cluded elsewhere.
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2.

2.1

2.2

Characteristics of the Daylighting Environment

A =« — %
B = —
C Pd
= L
D =<
E >~ g
&£
A W —

The following sub-sections describe the parameters and assump-
tions used in building the CU tables:

Room Characteristics

One wall of the room is completely occupied1
The transmittance of the window is 1; from Bryan
loss due to angle of incidence is assumed to obey

Loss = 1.018 cos )" (1 + sin®*¥)

where ¥ is the angular displacement between the incident ray and a
normal to the window. Wall reflectances (except the window-wall) are
all 50%; floor reflectance is 30%; ceiling reflectance is 70%. CU
tables are generated for all combinations of the following ratios of
room depth and room width to window height:

by the window.
, the transmission

Room width / window height = 4, 1, 2, 3, 4, 6, 8, infinity
Room depth / window height = 1, 2, 3, 4, 6, 8, 10

Target Points

Target points A, B, C, D, and E are located along the floor at
distances of 10%, 30%, 50%, 70%, and 90% of the room depth from the
window. Tnis is illustrated in the sketch above. The target points
are located on the longitudinal centerlime of the room -- i.e., each
point is equidistant from the two walls which are adjacent to the
window-wall.

Harvey Bryan and Robert Clear, "Calculating Interior Daylight Illumina-

tion with a Programmable Hand Calculator", JIES, July 1981, pp. 219-227.
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o 2.3 Sky 4
§4 CU tables are generated for five different sky brightness distri-

s butions, according to the ratio of vertical-to-horizontal illuminance

> produced by a particular distribution. The five V:H ratios and the .
& corresponding distributions are: 3
.4 Vertical/Horizontal ]
» I1luminance Sky Luminance Distribution ‘
0.75 L=, (300 + 1.273 exp(-.6/sin h))

S 1.00 L=L

>33 z

e

exp (-.6/sin h) .]
- exp(-.6) |

~ N

1.25 L =

Al
IRERY
|
ol
N
[
[l I

exp (-.26/sin h)]

o 1.50 L=t [_ 1 - exp(-.26) J 2
’; B 1 - exp (-.13/sin h)]

A 1.75 L=1L, [: 1 - exp(-.13) ] *i
o where ‘
i L, = zenith luminance

- h = altitude above horizon of point in sky

o Note that in each case the sky brightness (luminance) depends only

y upon the zenith luminance and the solar altitude -- the brightness

. is independent of solar azimuth angle.
B 2.4 Ground

f:- The ground is assumed to be an infinite flat Lambertian surface
?3 of constant exitance. Although the ground is thought of as a plane
b2 and the sky is thought of as a hemisphere, for calculation purposes
7 the ground and the uniform sky may be treated exactly alike.

J 2.5 §'J_n

N

X The CU tables take into account the effect of the sun on vene-
- tian blinds surfaces. In all other cases the presence of direct sun-
N light is ignored. If there are no venetian blinds, it is assumed
- that no sunlight enters the room directly, regardless of the solar

D position. Likewise, if blinds are present, but the blinds opening

&N angle and solar profile angle are such that sunlight can penetrate

) the blinds, this direct sunlight is ignored.

EF The solar profile angle is the elevation above the horizontal
'@ of the projection of a vector from the window to the sun onto the

) vertical plane which is normal to the window. CU values are generated
X

>

N

1.1
.‘
T

)

2
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2.6

for the following 6 profile angles:

Og (sun is on the horizon)
12
asg
60O
75

At 90° profile angle, the sun would be directly overhead. For verti-
cal blipnds the angles above should be interpreted as azimuth angles,
where 0~ azimuth means that the projection of the vector from the win-
dow to the sun upon a horizontal plane is norma& to the window, etc.
Note that if the profile or azimuth angle is 90~ no sunlight can fall
upon the window.

Venetian Blinds

Venetian blinds can be either horizontal slats or vertical
slats type. Tables are generated for each of the 5 following values
of blinds reflectance:

10 %
30 %
50 %
70 %
20 %

Blinds slats are assumed to be perfectly flat Lambertian surfaces.
Slat width is taken to be 1.15 times spacing between slats; slat
width is presumed small when compared with room dimensions. The
following 6 blinds opening angles are covered in the tables:

Og (fully open)
15

300

dSO

600

75

A blinds opening angle = 90° would mean fully closed blinds.
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3. How to Use the CU Tables

Bl R A AL Sl B L

The tables are computed to three decimal places and printed with
an implied decimal point. I.e., a table entry 076 means a coef-
ficient = .076 There are four different kinds of tables:

i) Illuminance CU Tables (T7-1 thru T7-54)

These constitute the great bulk of the package and are used in all
cases, blinds or no blinds. The tables are indexed as follows:

D / H - Room depth / window height
W/ H - Window width / window height

% D - Location of target point in room -- 10% means 10% of the
way from the window to the back wall.

i
X
o
by
]
g
j

ii) Solar Blinds Multipliers (T-55 thru T-56)

These tables are indexed by solar profile angle and blinds re-
flectance. There are 12 such tables, one each for each combination
of six blinds angles and two blinds surfaces (top or underside).
The solar blinds multipliers may be thought of as yielding the
final exitance on the blinds, given the vertical solar illuminance,
profile angle, and blinds reflectance.

v g 1 = .

iii) Sky Blinds Multipliers (T-57)

These are indexed by blinds angle and blinds reflectance. There is
one table for the underside of blinds, and one table for the top-
side of blinds. The sky blinds multipliers may be thought of as
yielding the final exitance on blinds, given the vertical illumi-
nance due to the sky, blinds angle, and reflectance.

Bl Rt

iv) Ground Blinds Multipliers (T-58)

These are indexed by blinds angle and blinds reflectance. There is
on2 table for the undsrside of blinds, and one table for the top-
side of blinds. These multipliers may be thought of as yielding
the final exitance on blinds, given the vertical illuminance due
to the sky, blinds angle, and reflectance.

BRI Y RS

3.1 No Blinds

If no blinds are present on the window, we proceed by computing
these two quantities:

E x T

sky T x Vsky sky

T x VvV x T

grd grd

E 3%1

where E = desired illuminance at a target point in the room due to
KY ~ the sky

E = desired illuminance at the target point due to the ground

grd

........................
....................................

.....
.........
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L =

T = transmittance of the window glazing

Vsky = vertical illuminance at the window due to the sky

Vgrd = vertical illuminance at the window due to the ground

Tsk = table entry for the sky lumimance distribution, room

y dimensions, and target point in question. The tables

are those on pages T-1 thru T-5.

Tgrd = table entry for ground contribution. This is table on
T-6.

EXAMPLE

Given: 40'L x 20'W x 10'H room reflectances 70/50/30

One 10' high x 8' wide window is centered on the
south wall. Transmittance of glazing = 82%.

Sky is overcast.
Solar elevation angle = 45°,
Ground reflectance = 15%.

Find: Illuminance on the floor midway in the room.

1.

. Vgrd =

From Figure 3a we have VSky = 625 fc and HS = horizontal
illuminance due to the sky = 1580 fec
.5 x .15 x 1580 = 118.5 fc

From table T-1 we have ESky = .82 x 625 x .078 = 40 fc

ky

. From table T-6 we have Egrd = .82 x 118.5 x .078 = 8 fc

(It is coincidence that the coefficient is .078 in
each case -- we are rounding each final result to
the nearest footcandle)

. Adding the sky and ground contribution togetiher, we getl

E 1= 48 fc

tota
The tables presume that the window occupies the entire
wall; therefore we must adjust by a factor equal to the
proportion of the wall which is occupied by window, or:

_ (8)(10) _
Eadjusted = 8 X ooy = 17 fe
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3.2 Blinds are Present

When venetian blinds are

3,%-5 D on L) A e i SRS SR bt L S S M N

.............................

intermediate quantities:

E sky-thru

Egrd-thru
Esky-—und
Egrd-und
Esky-top
Egrd-top
Esun-und
Esun-top =

where E

T
T

Lt

ot

ot

sky-thru ~

Egrd-t_hru =

Esky-und
Egrd—und
Esky-top
Egrd-top
Esun-und
Esun-top

Vsun

Msky-und
Mgrd-und
Msky-top
Mgrd-top

..............................

.

P '
e L %e . .. « L T T . .
I o - - PGNP U Y -

X Vary * Teky-thru

X Vgrd X Tgrd-thru

X Vsky X Msky-und X Tund
X Vgrd X Mgrd—und X Tund
X Vsky X Msky-top X Ttop
X Vgrd X Mgrd-top X Ttop
X Vsun X Msun—und X Tund
X V3un X Msun-top X Ttop

-----

B W T e e ey

present we must compute the following

illuminance due to sky light which passes thru

the blinds

illuminance due to ground light which passes thru

the blinds

illuminance due
blinds exitance

illuminance due
blinds exitance

illuminance due
blinds exitance

illuminance due
blinds exitance

illuminance due
blinds exitance

illuminance due
blinds exitance

to that portion
which is due to

to that portion
which is due to

to that portion
which is due to

to that portion
which is due to

to that portion
which is due to

to that portion
which is due to

of underside
the sky

of underside
the ground

of topside
the sky

of topside
the ground

of underside
the sun

of topside
the sun

vertical illuminance at the window due to the sun

sky blinds multiplier for blinds underside (T-57)

ground blinds multiplier for blinds underside (7-58)

sky blinds multiplier for blinds topside (T-57)

ground blinds multiplier for blinds topside (T-58)

.....
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Msun-und

Msun—t.op

Tund

Ttop

Tsky-thr

Tgrd-thr

EXAMPLE

Find:
1. From
2. From

3. From
to th
horiz
is 55
nance

2 v
Eﬁ; 4. From
Tsky-
téi Msky-
::' Msky-

-
M
> sun-

e Tund

= solar blinds multiplier for blinds underside (T7-55,T-56) )
= solar blinds multiplier for blinds topside (T7-55,T7-56) ’
= CU table entry for blinds underside (T-31 thru T-42)
= CU table entry for blinds topside (T-43 thru T-54)
U= CU table entry for sky-thru component (T-7 thru T-18)
U CU table entry for ground-thru component
(T-19 thru T-30)
40'L. x 20'W x 10'H room, reflectances 70/50/30

One 10' high x 8' wide window is centered on the south
wall (south wall is 20' wide). Transmittance is .82

The window is completelyocovered by venetian blinds.
The blinds are set at 30; reflectance of blinds = 50%

It is a clear summer day; solar elevation = 45°.
The sun directly faces the window-wall, so that splar
azimuth angle = 0° (therefore profile angle = 45°)

Ground reflectance = 15%.
Illuminance at the floor midway in the room.

1480

Figure 3b (0° azimuth curve) we have VSky

Figure 3e (0° azimuth curve) we have Veun

5500

Figure 3b, horizontal illuminance on the ground due
e clear summer sky is 1440 fc; from Figure 3e the
ontal illuminance on the ground from direct sunlight

00 fc. These total 6940 fc, so the vertical illumi-
at the window due to the ground is:

grd = (.5)(.15)(6940) = 520

the tables we find these CU values:

thry = *014 Tgrd-thru = .04l
g = -084 Mord-ung = 065
top = +407 Morg-top = 047
g = 075 Mnotop = +478

= .054 T = ,009

top
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5. Combining, we get: %

Eqey-thpu = 82 X 1480 x .0l4 = 17 ?

Eqro-thry = 82 X 520 x .041 - 17 !

Eoky-ung = 82 x 1480 x .084 x .054 = 6 5

Egra-ung = B2 X 520 x .065 x .05 = 1 E

Egy-top = B2 X 1480 x .407 x .009 = 4 é
Egrd-top = .82 x 520 x .047 x .009 = 0
Ecnung = B2 X 5500 x .075 x .054 = 18
Eounctop = B2 X 5500 x .438 x .009 = 18

6. Finally, we must adjust by the proportion of wall which
the 8' wide window occupies, or

E =(8/20) x 81 = 32 fc
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Clear Summer Sky
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Figure 3a: Illuminance from an Figure 3b: Illuminance from a
overcast sky (no sun) clear summer sky (no sun).
Clear Autumn/Spring Sky Clear Winter Sky
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Figure 3c: Illuminance from a clear Figure 3d: Illuminance from a _
autumn/spring sky (no sun) clear winter sky (no sun)
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4. Comparison with RP-5

;4

IES Publication RP-5 presents an alternative method for predic-
ting the effects of daylight. Figures 4a thru 4v compare results
obtained from the CU tables presented here with those obtained from
the RP-5 method. The following points regarding RP-5 calculations
must be noted:

1) RP-5 assumes that the window begins 3' above the floor and runs to

Pt the ceiling. In order to achieve a window height of 10' a room

. height = 13' was used in the RP-5 calculations; this required in-
- terpolation between tabulated coefficients at heights 12' and 14°'.
it 2) RP-5 tabulates coefficients only for wall reflectances 30% and

70%. Interpolation is therefore necessary to predict illuminance
for 50% wall reflectance.

3) DAYCU2 computes coefficients for illuminance on the floor. RP-5
! CU's give coefficients for a target plane 6" below the bottom of
3 the window. Also, the DAYCU predictions are for an effective
A target plane reflectance = 30%; those from RP-5 are for effective
target plane reflectance = 25-28%, depending on room dimensions
(calculations from IES Handbook).

e 4) The room dimensions given in the comparisons presume that the W
. dimension corresponds to the window-wall. Note that this W dim-
ension is the "length" dimension in RP-5; the L dimension in the
comparison corresponds to "width" in RP-5.

i el A NPTy Y & SR (W ¥ { WP W

5) The tables given in Appendix T are for ceiling reflectance 70%. 1

Ny The RP-5 figures are for ceiling reflectance 80%. Therefore for

¥ purposes of this comparison, abridged tables for 80% ceiling re-

R flectance were generated; these abridged tables are included in
this section following the comparison curves.

ondh B et

Figures 4a thru 4p are for rooms having no venetian blinds.
The solid curve in each figure is a graph of the illuminance on the !
y! floor as predicted by the DAYCU2 tables. The vertical axis is illu- 1
N minance in fc; the horizontal axis is distance (in feet) from the 1
window. In each case the curve was hand-drawn from the predicted
_ illuminance at the 5 target points treated in the tables. The heavy
o dots on each curve are the points from which the curves are construc-
M ted. For comparison purposes, RP-5 predicted values are plotted indi-
vidually as + signs. Illuminance at the target points is computed
assuming that the vertical illuminance on the window is 1000 fc.
Transmittance of the window glazing is assumed to be 100%.

The Vertical/Horizontal illuminance ratios used to correspond
to the RP-5 skies are: 1

Overcast sky: 0.75 V/H
Uniform sky: 1.00 V/H
Clear sky: 1.25 V/H




Figures 49-4v compare predicted results when venetian blinds are
present. All 6 figures are for the following conditions:

2'L x 20'W x 10'H
00

45°
Clear

5500 fc
1480 fc
1000 fc

Room dimensions

Solar azimuth angle (relative to window-
wall)

Solar altitude angle (therefore profile
anglz is also 45°)

Sky distribution (= 1.25 Vertical / Hor-
izontal for DAYCU2)

vertical illuminance from sun (RP-5)
" " " sky (RP-S)
" " L1} ground

The DAYCU2 curves were constructed using 50% blinds reflectance;
the actual blinds reflectance from RP-5 is unknown.
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Figure 4e: 20'L x 40'W x 10'H room. Source: Uniform sky
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Figure 4j: 40'L x 20'W x 10'H room. Source: Clear sky
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.’ * * * Ceiling Reflectance = 80% * * *
ILLUMINANCE FROM SKY -- U/H = 0.75
NO BLINDS
pum—
_____________________________________________________________ B
| ROOM DEPTH / | | ]
| WINDOW HEIGHT | WINDOW WIDTH / WINROW HEIGHT W/ H I -
[ ! [
I D/ H LD 1 LS 1 2 3 A b 8 INF | B
______________________________________________________________ —3
10 000 000 000 000 000 000 000 000 1
30 000 000 000 000 000 000 000 000 :

! | i
{ { 1
! 1 50 1 000 000 000 000 000 000 000 000 |
| | |
! | {

70 000 000 000 000 000 000 000 000
90 000 000 000 000 000 000 000 000
10 000 000 | 809 812 813 ] 000 000 Q000
30 000 000 ] 519 544 5451 1000 000 000

Y SR

! ! |
| | |
) 2 50 1 000 000|287 319 333|000 000 000 |
! | |
I | {

70 000 000 ] 173 201 214 | 000 000 000

90 000 000 | 127 1%1 1464 | 000 000 000 "
10 000 000 | 739 746 747 ] 000 000 000 E*
30 000 000 | 320 350 340 1000 000 000 -

—d g A CeEEK

l I
| I
| 3 SO 1 000 000|139 163 1741000 000 000
| [
| |

70 000 000 | 081 097 1046 | 000 000 000 :3
%0 000 000 | 061 074 082 } 000 000 000 Zj
10 000 000 | 658 670 673|000 000 000 ;$
30 000 000 | 197 224 235|000 000 000 -
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1 [
| |
! 4 S0 1 000 000|078 094 104 1000 000 000
| !
| !

70 000 000 | 048 059 065 ] 000 000 000 -
90 000 000 ] 040 048 053 J 000 000 000 »a
| 10 1 000 000 000 000 000 000 000 000 | E
| 301 000 000 000 000 000 000 000 000 1| S
! 6 50 1 000 000 000 000 000 000 000 000 |
[ 70 1 000 000 000 000 000 000 000 000 |
[ 90 I 000 000 000 000 000 000 000 OO | ;i
! 10 1 000 000 000 000 000 000 000 000 |
| 301 000 000 000 000 000 O©00 000 000 | j
| 8 S0 | 000 000 000 000 000 000 (00 000 | :
! 701 000 000 000 000 000 000 000 000 | ]
i 90 I 000 000 000 000 000 000 000 000 | 1
10 000 000 000 000 000 000 000 000 ~{
30 000 000 000 000 000 000 000 000

000 000 000 000 000 000 000 000
000 000 000 000 000 000 000 000
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A * * » Ceiling reflectance = 80% * * * 3
kX )
ILLUMINANCE FROM SKY == VU/H = 1.00 (UNIFORM GKY) 3
NU BLINDS K
| ROUM DEFTH / | | ]
| WINNOW HEIGHT | WINDOW WIDTH / WINDOW HEIGHY W/ H ]
! | [ :
I D/ H Zh .5 1 2 k] 4 6 8 TNF | 5
! 10 1 000 C€CO 000 000 000 000 000 000 |
| 30 1 C00 000 000 000 000 000 000 000 |
I 1 S0 I 000 000 000 000 €00 000 0OC 06O |
! 70 1 000 000 000 009 L0 U200 0G0 009 |
| 90 1+ 000 000 000 000 000 000 000 000 1|
I 10 1 000 000 | 458 660 661 1000 000 000 1
I 30 1 000 000 | 459 484 491 | 000 000 000 |
! 2 50 | 000 000 | 28& 320 235|000 000 000 |
I 70 1 000 000 | 192 226 2431000 000 GO0 |
I 20 1 000 000 156 188 207 | 000 000 006 |
! 10 + 000 000 | 607 413 ¢14] 000 000 00C 1
I 30 1 000 000 | 304 337 3248|000 000 000 |
! 3 50 | 000 000 | 15%5 1&% 197 | 000 000 000 |
I 70 1 000 000 | 098 1% 132 ] 000 000 000 !
! 90 1 000 000 J079 098 1106 | 000 000 QOO |
I 10 1 000 000 | 549 =80 5635 000 0CO  GOO |
! 30 1 000 000 204 234 2347]0C0 000 ¢o¢ | :
! A 50 1 000 000|094 1159 126|000 000 000 | ;
I 70 1 000 000 | 061 074 083] 000 00C¢C 00¢ !
I 90 1 000 000 J0SC 061 070] €00 000 0GC |
! 10 I 000 000 000 000 000 000 000 €00 |
| 30 1 000 000 000 000 Q00 000 000 000 !
I 6 ¢ 1 000 000 000 000 000 000 000 000 |
! 70 1 000 000 000 00C 000 00C 000 000 !
| 90 1 000 000 000 000 000 000 000 000 |
- | 10 I 000 000 00C (CO0 0GO 000 (00 000 |
- I 30 1 000 000 000 000 000 000 000 V0 |
& I 8 S0 I 000 000 000 000 GCO 000 000 €00 |
“ ! 70 1 000 000 000 000 000 000 000 000 1
] 20 1 000 000 000 000 000 000 000 000 1|
Rﬁ ! 10 | 000 000 000 000 000 0CO 000 C00 !
o ! 30 1 000 000 00C 000 €00 000G 000 000 |
! 10 S0 | 000 000 000 000 000 000 (00 000 |
! 70 1 000 000 000 000 000 000 000 000 |
| 0 I GO0 000 000 000 COO 000 000 000 1
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*** Ceiling reflectance = 80% *x#*

ILLUMINANCE FROM SKY
NGO BLINDG

VAR = .28

I ROOM DEFTH 7/ |

I WINDOW HETIGHT | WINDOW WIDTH / WINRCGW HELIGHT
i |

!

n v/ H % B TS 1 2 3 4 b

! 10 1 000 9Q0C 000 000 €00 €00
! 30 1 000 000 000 00O COC OGO
| 1 S0 1 0060 000 000 (OO GO0 000
| 701 Q00 00C COC 000 CGOOQ  COO
| 0 I 000 000 000 (¢CO  CGOG 000
! 10 I 000 000 56 567 3570 000
l 30 1 000 O00C | 422 447 454 ] 000
] 2 S0 1 000 000 ] 285 321 337 | 000
| 701 000 000 | 204 242 241 ] 000
{ 90 I 000 00O ) 174 211 2331 000
1 101 000 000 ] 527 533 534 GO0
| 30O 1 000 000 | 298 3%y 341 | 000
} 3 S0 1 000 000 165 195 211 ] 000
| 70 1 009 000 1109 132 147 | 000
[ g0 1 000 000 ] 0%0 11 127 000
| 10 1 000 000 484 494 49’ 000
| 30 1 000 00O} 209 240 285 ] 000
| 4 S0 1 000 000 ] 104 126 1407} 000
| 70 1 000 000 | vs8 083 094 | 000
| 920 | 000 000 ] 036 070 080 | 000
] 10 1 000 000 000 000 000 000
! 30 1 000 000 000 000 000 009
! é S0 1 000 000 000 000 000 000
i 701 000 000 000 000 000 000
| L0 I 000 000 000 COO 000 000
| 101 000 Q00 000 000 000 000
| 30 1 000 000 000 000 000 000
[ 8 S50 I Q00 000 000 000 000 @00
[ 7201 009 000 000 000 000 000
| 20 I 000 000 000 000 000 000
| 10 & 000 000 000 000 000 000
| 30 1 000 000 000 000 000 000
I 10 %5 1 000 000 000 000 000 000
| 701 000 000 000 000 000 000
1 90 | 000 000 000 000 000 000
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*##% Ceiling reflectance = 80% ***

ILLUMINANCE FROM GROUNID

NO BLINDS
| ROOM DEPTH 7/ 1
I WINDOW HEICGHT | WINDOW WIRTH / WINDOW HEIGHT W/ H
[ |
! I/ H D1 .5 1 2 3 4 & 8 INF

000 000 000
000 000 000
000 000 000
000 000 000

10+ 000 000 000 000 000 000 000 Q00

000 000 000
000 000 000
000 000 000
000 000 (000

178 200 209
128 224 238
182 210 225
155 182 1798
128 153

1725 197 207
171 197 211
126 1350 164
093 111 123
076 090 100

172 196 208
141 1646 180
087 104 115
057 071 079
050 059 065

167

000 000 000
000 000 000
000 000 000
000 000 0900
0G0 000 000
000 000 000
000 000 0O
000 00C¢ 000
000 000 000
000 000 (00
QCo 000 000
000 000 000
000 000 0CO
000 000 000

000 000 000

000 000 000
000 000 000
000 000 000
000 000 000
000 000 000

000 000
000 000 000
000 000 000
000 000 090
000 000 000

000 000 QO
000 000 000
000 000 000
000 000 000
000 000 000
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|
| 30 1 000 000
| 1 S0 1 000 000
| 70 | 000 000
| 90 | 000 000
| 10 I 000 000
i 30 1 000 000
N 2 50 | 000 000
| 70 | 000 000
| 90 | 000 000
! 10 | 000 000
i 30 1 000 000
] 3 S0 | 000 000
| 70 1 000 000
| 90 I 000 000
] 10 | 000 000
] 30 1 000 000
| 4 S0 1 000 000
| 70 © 000 000
] 90 I 000 000
| 10 I 000 000
] 30 1 000 000
| 6 0 | 000 000
I 70 I 000 000
] 90 | 000 000
| 10 1 000 000
) 30 1 000 000
| 8 50 | 000 000
! 70 1 000 000
] 90 I 000 000
| 10 I 000 000
] 30 1 000 000
! 10 50 | 000 000
| 70 | 000 000
] 90 | 000 00C

000

000 000  00C
000 000 0090
000 000 Q00
000 000 0VO
o 000 Q0

000 000
000 000 000
000 000 000
000 000 000
000 000 000

000 000 009
000 000 0092
000 000 000
000 000 000
000 000 000

000
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;.]
*»#* Ceiling reflectance = 80% *** o
ILILUMINANCE FROM SKY -~ THRU COMFONENT R
HORIZONTAL BLINDS, ANGLE = 30 ]
| ROOM DEFTH 7/ | B
| WINNOW HEIGHT | WINDOW WIDTH / WINDOW HEIGHT W/ H X
I ! " 4
| ! ¥

n/ H I

000 000 000 000 Q00 (00 000 000

000 000 000 000 000 0CO 000 000

10 1
30 1

1 S0 1 000 000 0G0 000 000 000 000 000
70 1 000 000 000 000 000 000 000 000
0 | 000 (00 000 000 000 000 000 000

f
i
{
H

10 | 000 0010151 000 000 000 000 000

!

1

!

1

|

1

|

|

|

|

30 1 000 000 ] 028 ] 00O 000 000 000 000 |

2 S0 1 000 000 ] 025 000 000 00O 000 000 |

70 1 000 000 ] 022] 000 000 000 000 000 |

0 | 000 000 J 021 ]| 000 00O 000 000 000 |

! 10 t 00 000 000 000 000 000 000 000 |
! 301 NO0O 000 000 000 000 000 000 000 |
| 3 50 1 000 000 000 000 000 000 000 000 |
{ 70 1 000 000 000 000 000 000 000 000 |
! g0 I 000 000 000 000 QOGO OO 000 000 |
! 101 000 000 000 000 000 000 000 000 |
! 301 000 000 000 000 000 000 000 000 |
| 4 SO0 1 000 000 000 000 000 000 000 000 |
| 70 1 000 000 000 000 000 000 000 000 |
i g0 1 000 (000 000 000 000 000 Q00 000 |
! 101 000 000 000 000 QOG 000 000 000 |
| 301 000 000 000 000 000 000 000 000 |
! é S0 1 000 000 000 000 000 000 000 000 |
! 70 I 000 000 000 000 000 000 000 000 |
! 20 I 000 000 000 000 000 000 0QO 00O |
| 10 1 000 000 000 000 000 000 0600 000 |
) 30 1 000 000 000 000 000 000 000 000 |
| ] S50 1 000 000 000 000 000 000 000 000 |
| 70 1 0oCo 00n 090 000 000 000 000 000 |
! 20 1 000 000 000G 000 @00 000 000 000 |
! 10 1 0600 000 000 000 000 000 000 000 |
! Jo 1 000 000 000 000 000 000 000 000 |
! 10 50 1 000 000 000 000 000 000 000 000 |
| 70 1 000 000 000 000 000 000 000 000 |
| 90 | l

000 000 000 000 GO0 000 000 000

- U S S T U S SO S
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* et et et et g . B
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! am em e e wma

ROOM DEFTH /
WINRBOW HEIGHT

D/ H D

10
30
1 50
70
90

10
20
2 S50
70

10

30

3 50
70

70

10

30

4 S50
70
20
10
30
6 ]
70

90

10

30
8 50
70
90

i
H
¢

10
30
S50
70

?0

10

?0

!
|
!
|
!
!
|
|
|
!

-

*** Ceiling reflectance = 80% *x**
ILLUMINANCE FROM SKNY

000
000
000

000
000
000

HORIZONTAL BLINRS,

THRU COMFPONENT
ANGLE

000
000
Q00

000

000
000

000
000
Q00

000
000
000

000
000
000

000
000
000
000

000
000
000
000
000

000
000
000
000

000 000 000 000 000 000 000 000

I e i e T e s E e T e S

000 000 000 000 000 000 000 000

000
000
000

000 000 000 000 000 000 000 000

WINDOW WIDTH / WINDOW HEIGHT

o 55 1 2 3 4 6 8
000 000 000 000 000 000 000
000 000 000 000 000 (OGO 000
000 000 000 000 000 000 000
000 000 000 00O 000 000 000
000 000 000 000 000 000 000
000 000 | 004 | 000 000 000 000
0Q¢ 000G | 606 | 000 000 000 000
000 0001008 ) 000 000 000 000
000 000 ] 005 ] 000 00O 000 000
000 000 ] 0051000 000 000 000
000 000 000 000 000 000 000
000 000 000 000 @O0 000 000
000 000 000 000 000 000 000
000 000 0OOG 000 000 000 000

T w ma o m 4 G L m e e e M me e e mE e e

0co 000 000 000 000 000 000 000

000
000
000
000
0090
000
000
000
000

000
000
nOo
000

000
009
000
o000

000
000
000
000
000

000
000

000
000

000
000
000
000

000

000
000
000
000

000

000
000
000

000 000 000 000 000
000 000 000 000 000
000 000 000 000 000
000 000 000 000 000
000 000 000 000 000
000 000 Q00 0G0 000
000 000 000 000 000
00 000 000 000 000
000 000 000 000 000
000 000 000 000 000
000 000 000 000 000
000 000 000 000 000
000 000 000 000 000

000 000 000 000 000 000 000 000
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*x% Ceiling reflectance = 80% *x**

ILLUMINANCE fROM SKY - THRU COMFONENT

10
30

70
v0

1
()\

! 1
| 3
l 2 ¥
! 7
| 9
!
!
| 3 S0
I
!
|
!
| 4
!
|
|
!
| 6 S0
1
!
|
|
| 8
|
| 90
|
i
| 10
|
!

i
H
i
[
4

ROGM BEPTH /
WINDOW HEIGHT

nh/ H Z B
00 000 000 000 000 000
000 000 GO0 QGGG 000G 000
000 000 000 000 000 000
000 000 000 000 000 GOO
000 000 000 000 000 000

10
30
%50
70

000 000 000 000 000 000
000 €20 000 000 GCO GO0
000 000 000 000 000 000
000 000 0QO QOO Q00 000
000 000 000 000 000 000

190
30
S50
70
?0

10
30

70
?0

10
30
50
70

10
30
S50
70
?0

HORIZONTAL EKRLINDS, ANGLE = 60

|
I WINDOW WIDTH / WINDOW HEIGHT
|

1 2 3 4 b

000 000 | 0G0 | 000 000 000
000 000 | 000 | GO0 000 000
000 000 ] 000 | 000 00C 000
000 000} 00O | 000 ©OC 000
000 000 | €00 ] COO 000 000

000 0023 000 000 000 000
000 0006 000 000 000 000
000 000 000 000 000 000
000 000 000 000 OGO (00
000 000 000 000 000 000

000 000 000 000 000 000 000 000
000 000 200 000 000 000
000 000 000 000 000 0090
000 000 000 000 000 000
000 000 000 000 000 000
000 000 000 000 000 0CO
000 000 000 000 000 000
000 000 000 000 000 000
000 000 000 000 000 000
000 000 000 000 000 000
000 000 000 000 000 000 000 000
000 000 000 000 0©QO 000
000 000 000 000 000 000 000
000 000 000 000 000 000

000 000 000 000 000 000
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*** Ceiling reflectance = 80% ***

TLLUMINANCE FROM GROUND
HORIZONTAL RBLINDS,

KROOM DEPTH

|
WINDOW HEIGHT | WINDOW WIDTH /

|

|

- THRU COMFONENT
ANGLE = 30

e e e S Y

W/ H

INF

000
000
000
000
000

000
000
000
000
000

000
000
000
000
000

........

Lo me e Wit s s e e e e e e et B e s Wer Mmn s MEY mE e e e e G T TS e W Gees M NN smm e e BN e ST M W e 4N e tm W = am Aa e W e e me e

000
000
000
000
000

e v m e e Wee e s s Mes T S S e e e e R et e e s Be0 bme T s s P G Mm. I M e W S i Ywe GRS e e S G e W S me G G e M Ao i e o -

n /s H % I T 1 2
10 I 000 000 000
36 1 000 000 000
1 50 1 000 000 000
701 000 000 000
20 I 000 000 000
10 + 000 000 )] 074
30 I Q000 000 | 087
2 S0 1 000 000 ] 088
7201 Q00G 000 | 078
20 I 000 000 } 062
10 I 000 000 000
3¢ 1 000 000 000
3 S0 1 000 000 000
70 1 000 000 000
20 1 000 000 000
10 1 000 000 009
301 000 000 000
4 50 I 000 000 000
720 1 000 000 000
90 I 000 000 000
10 1 000 000 000
301 000 000 000
é 50 1 000 000 000
201 Q00 000 000
20 1 000 000 000
10 1 000 000 000
30 1 000 000 000
8 S50 I 000 000 000
70 1 000 00O 0QO
0 1 000 000 000
10 1 009 000 000
30 1 000 000 000
10 S0 1 000 000 000
720 1 000 000 000
90 I 000 000 000

000
000
000
000
000

000
000
000
000
000

000
000
000
000
000

WINDOW HEIGHT
3 4 é 8

000 000 000 000
00 000 000 000
000 000 000 000
000 000 000 000
000 000 000 000
000 000 000 000
000 QG0G 000 000
000 000 000 000
000 000 (000 000
000 ©000 000 000
000 000 000 000
000 000 000 000
000 000 000 000
000 000 000 000
000 000 000 000
000 000 000 000
000 000 000 000
000 000 000 000
000 000 000 000
000 000 000 000
000 000 000 000
000 000 000 000
000 000 000 000
000 000 000 000
000 000 000 000
000 000 000 000
000 000 000 000
000 000 000 000
000 000 000 000
000 000 000 000
000 000 000 000
000 GO0 000 000
000 000 000 000
000 000 000 000
000 000 000 000
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*»#* ceiling reflectance = 80% ***

\ ILLUMINANCE FROM GROUND -- THRIU COMPONENT 3
§ HORIZONTAL RLINNSs ANGLE = 45

Hm e e s W e W A M N e G MEm W e SR v s Me M e e e e M A 0 G e S e e G S e e S e e e SO e e M T Gee et M e e A BE e e 4 o= -

ROOM DEPTH / |

WINDOW HEIGHT | WINDOW WIDTH / WINDOW HEIGHT W/ H
!
|

D/ H Z0

N s e mAs s A NG e e mes e e 6 e s B B s G e e M e M Set T M SEG D Wb G T WeC e Wet e s her WRO W R D S e e S e GO e Wee e e e —

- e - o | G e e -
[
(]

Ca S
Lot Cate ..' . ':’ ) L ..' A
;g W SPESTR NUNLIY T R TR ON)

70 600 000 Q00 000 000 000 00O 000
?0 000 000 000 000 000 000 000 000
1 10 1 000 000} 079 ] 000 000 000 000 000 1
| 30 1 000 000} 087 ] 000 0QO0 000 000 000 |
! 2 30 1 000 0001 0321 000 000 000 000 000 |
! 701 000 QOO0 ] 067 )] 000 000 000 0OO 00O |
| 20 1 000 0001} 0S2] 000 000 000 000 000 |
10 000 000 000 000 000 000 000 000
30 000 000 000 000 @00 000 000 000

| | (
} ! |
1 3 30 + 000 000 000 000 000 000 000 000 1
i ) {
| | !

70 000 000 000 000 000 000 000 000
920 000 000 000 000 000 000 000 000
| 10 1 000 000 000 000 000 000 000 000 |
| 30 1 000 000 000 000 000 000 000 000 | e
| 4 50 | 000 000 000 000 000 000 000 000 | e
i 70 | 000 000 000 000 000 000 000 000 | -
I 90 1 000 000 000 000 000 000 000 000 | e
! 10 I 000 000 000 000 000 000 000 000 | -
! 30t 000 000 000 000 000 000 000 000 | -
] ) 50 | 000 000 000 000 000 000 000 000 | <
| 70 1 000 000 000 000 000 000 000 000 | S
I 920 | 000 000 000 000 000 000 000 000 | C
| 10 1 000 000 000 000 000 000 000 000 | R
] 30 1 000 000 000 000 000 Q00 000 000 | _
| 8 SO I 000 000 000 000 000 000 000 000 | X
] 70 1 000 000 000 000 000 000 000 000 | ]
] | 000 000 000 | 4
____________________________________________________________________ harn
000 000 000 | '
000 000 000 | .
000 000 000 1 N
000 000 000 ) -
000 000 000 | '

. e e W ot e N 00 ot . B0 e St W o A WS M e e B e Y B e e S MM M AN SE G PE M W e T B S e G G G B B W T G S e e e e e

[T A LNl e Y
TR AP AL T I V0 T THU DO 100 Wy Y | 2
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***x ceiling reflectance = 80% ¥*x#*

ILLUMINANCE FROM GROUND ~- THRU COMFONENT
HORLZONTAL RLIKDSy ANGLE = 60

| ROOM DEFTH / | !
WINDOW HEIGHT | WINDOW WIDTH / WINDOW HEIGHT W/ HI
| |
S 1 2 3 4 6 8 INF |
101 000 000 000 €00 000 000 000 000 |

30 1 000 000 000 000 000 000 000 000
1 50 1 000 000 000 000 000 000 000 000
|
!

|
|
! 0/ H D

70 000 000 000 000 @O0 00O 000 000

?0 000 000 000 000 000 000 000 000

— e = e o= | e e = = -
H
1
H
H
]
i
L
i

|
|
|
|
000 000} 072} 000 000 000 000 000 |
|
!
|
!

10 1
30 1 000 000 | G721 OO 000 000 000 000
2 S0 1 000 000 )] 060 | 000 000 000 000 000
720t 000 000 )] 0486 | 000 000 000 OO (OO
20 1 000 000 | 035] 000 000 000 000 000
! 10 1 000 000 000 000 000 000 000 000 1
i 361 000 000 000 000 0600 0060 000 000
| 3 30 1 000 000 000 000 000 000 000 000 |
} 7201 000 000G GO0 000 000 000 000 0OQO0 |
| 0 | 000 000 000 000 000 000 000 000 | -
10 000 000 000 000 000 Q00 000 000

| | i
] 30 1 000 000 000 000 000 000 000 000 |
| 4 S0 1 000 000 000 000 000 00O 000 000 |
| 701 000 000 000 000 000 000 000 000 1
! 20 I 000 000 000 000 @O0 000 000 000 |

10 000 000 000 000 000 000 000 000

i
!
i
i
H
1
]
i
i
{
i
§
§
i
§
'
t
i
H
i
{
i
f
i
t
|
i
§
t
H
1
!
T
i
i
i
i
f
i
H
i
|
i
i
I
i
i
1
i
!
!
!
|
|
!
i
I
i

| | |
I 30 1 000 000 000 000 000 000 000 000 |
| 6 S0 1 000 000 000 000 000 000 000 000 | 7]
! 70 1 000 000 000 000 000 000 000 000 ! .
| 90 I 000 000 000 000 ©00 000 000 000 | 4
I 10 1 000 000 000 000 000 000 000 000 | -
| 30 | 000 000 000 000 000 000 000 000 | ]
! 8 SO | 000 000 000 000 000 000 000 000 ! ]
! 70 | 000 000 000 000 000 000 000 000 | ]
| 90 | 000 000 000 000 000 000 000 000 | ;4
| 10 | 000 000 000 000 000 000 000 000 | o
! 30 1 000 000 000 000 000 000 000 000 | -
I 10 50 ) 000 000 000 000 0600 000 000 000 | N
! 70 1 000 000 000 000 000 000 000 000 | -
| 90 | 000 000 000 000 000 000 000 000 | ;*
s 5
L - 4
N 3
l.‘ _-..1
N e
14
)
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*** ceiling reflectance = 80% ***

ILLUMINANCE FROM UNDERSIIE OF BLINDS (HIDDEN FROM SUN)
HORIZONTAL BLINUSs ANGLE = 30

- P e

N | ROOM DEFTH / | l
2 ! WINDOW HEIGHY 1| WINNOW WIDTH / WINDOW HEIGHT W/ HI
Yy 1 ! |
ii | o/ W v ORI 1 2 3 4 & 8 INF |
e ! 10 1 000 000 000 000 000 000 000 000 | g
n ! 30 1 000 000 000 000 000 000 000 000 | o
N I 1 50 1 000 000 000 000 000 000 000 000 | 5
e t 70 1 000 000 000 000 000 000 000 000 | ]
I 0 1 000 000 000 000 000 000 000 000 | g
! 10 | 000 000|624 | 000 000 000 000 000 | %
! 30 1+ 000 0002569 ] 000 000 000 000 000 | 3
! 2 SO 1 000 000|164 ] 000 000 000 000 000 |
! 70 1 000 000 115 ] 000 000 000 000 000 |
! 90 1 000 000 | 095 ] 000 000 000 000 000 |
! 10 1 000 000 000 000 000 000 000 000 |
I 30 1 000 000 000 000 000 000 000 000 |
| 3 50 | 000 000 000 000 00O 0060 000 000 |
! 70 1 000 000 000 000 000 000 000 000 |
! 90 ! 000 000 000 000 000 000 000 000 |
( 10 1 000 000 000 000 000 000 000 000 |
I 30 1 000 000 000 000 000 000 000 000 |
! 4 S0 | 000 000 000 000 000 000 000 000 |
I 70 1 000 000 000 000 000 000 000 000 |
! 0 1 000 000 000 000 000 000 000 000 |

= s M e e By e e i bry s Sem e S M N Pu S Al e e G W Ge S MR e T S v P Pd W B W m me G e T e e R e e e S e S tew e M

[ 10 1 000 000 000 000 000 000 000 000 |
l 30t 000 000 000 000 000 000 000 000 |
| é6 50 | 000 000 000 000 000 000 000 000 |
! 70 1 000 000 000 000 000 000 000 000 |
| 90 1 000 000 000 QOO 000 000 000 000 |
| 10 & 000 000 000 000 000 000 00O QGO |
| 301 000 000 000 000 000 000 000 000 |
1 8 SOt 000 000 000 000 000 00O 000 000 1
I 70 1+ 000 000 000 000 000 Q00 000 000 |
| 0 t 000 000 000 000 000 QOO0 000 000 |

| 10 1 000 000 000 000 000 000 000 000 |
1 30 1 000 000 ©00 000 000 000 000 0VO |
A I 10 50 1 000 000 000 000 000 000 (00 000 |
: | | |
! ! |

70 000 000 000 000 000 000 000 000
90 000 000 000 000 @O0 000 000 000

- s e o s S S G e B S e R e G e ST e b S e 1 W b S M G e s M M S WA M e W M e mR GE e . G G N e Ge e Ee e e e e
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~

f
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S
1
-
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!
|
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ILLUMINANCE

ROOM DEFTH /
WINNGOW HLIGHT

N/ H

LS ]

FROM UNDERSIDE OF

ANGLE = 49

WINDOW WIDRTH / WINROW HEL1GHT

o w4 e m him b e W e 4 W s tee 4ee e S iR S YER iee e W G em e 1 e e e o

Yo e e s v e wm e e e G tem T fam e M N fem Ams S S W e e s e W M AR I W e e e e e e e =

3 4 6

000 000 00O
000 000 000
000 000 000
000 000 000
000 000 000

W

8

000
000
000
000
000

RLTINIS (HIDUEN FROM SUN)
HORIZONTAL BLINDS,

/ H

INF

000
000
000
000
000

**¥* ceiling reflectance = 80% ***

-— e e o wm | o

e v e . A e v e = M e e e S e e e e

000 0060 000
000 000 000
000 000 000
000 000 000
000 Q00 Q00

000
000
000
000
000

000
000
000
000
000

Q00 000 000
000 000 000
000 000 000
000 000 000
000 Q00 Q00

000 000 @O0
000 000 000
000 000 000
000 000 000
000 000 000

000 000 000
000 000 000
000 000 000
000 000 000
000 000 000

000 000 000
000 000 000
000 @00 000
000 000 000
000 000 000

000
000
000
000
000

000
000
000
000
000

000
000
000
000
000

000
000
000
000
000

000
000
000
000
000

000
000
000
000
GO0

000
000
000
000
000

000
000
000
000
000

R e s e e cen S G e Sew STE 7 i e W S S8 M SER Sow e TR SHE TR G@ K e G e R BB S SR MR TEE e G B B6 M T Nn e RGeS NS e et e e

!
|
I .S 1 2
{ 000 000 000
I 000 000 000
I 000 000 000
1 000 000 000
! 000 000 000
I 000 000 ] 458
i 000 000 | 304
I 000 000 ] 197
I 000 000 | 145
1 000 000 | 121
i 000 000 0OG
I 000 000 000
I 000 000 000
I 000 000 000
I 000 000 000
I 000 000 000
I 000 000 000
I 000 000 000
I 000 000 000
1 000 000 000
I 000 000 000
I 000 000 000
I 000 000 000
I 000 000 000
I 000 000 000
I 0600 000 000
I 000 000 000
I 000 000 000
I 000 000 000
i 000 000 000
000 000 000
000 000 000
000

000 000 000
000 000 000
000 000 000

000 000 000 000 000 000
000 000 000

1o G e v s @ee sem e SO e MW e S wR e e MR W KU el G e SNA Lms b et S e R G G S R B ISR MR e e 4 N B MR N T e G S TR SR e N e e e e e =

}
|
I 000 000
I
!

000 000 000

000
000
000
000
000
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:::: %% ceiling reflectance = 80% ***
N, ILLUMINANCE FKOM UNDERSIDE OF BLINDS (HIDDEN FROM SUN)
[ HORIZONTAL BLINDS, ANGLE = 60
= | ROOM DEPTH / | |
9 | WINDOW HEIGHT | WINDOW WIDTH / WINKOW HEIGHT W/ H
| [ |
I 0/ H X D15 1 2 3 4 6 8  INF |
| 10 1 000 000 000 000 000 000 000 000 |
g | 30 1 000 000 000 000 000 O00C 000 000 |
-7 [ 1 50 | 000 000 000 000 00C 000 000 000 |
- | 70 1 000 000 000 000 000 000 000 000 I
™ | 90 | 000 000 000 000 000 000 000 000 |
: | 10 1 000 000 | 495|000 000 000 600 000 |
: [ 30 1 000 000} 339 | 00O 000 000 000 000 |
y ! 2 50 | 000 ©00 | 229|000 000 000 0060 000 |
° ! 70 1 000 000 | 172|000 000 000 000 000 I
| 90 t 000 000|144 | 000 600 000 000 000 |
- [ 10 | 000 000 000 000 000 000 000 000 I
s ! 30 1 000 000 000 0CO 000 000 000 000 |
o ! 3 S0 1 000 000 (00 000 000 000 060 000 |
L | 70 1 000 000 000 000 000 000 000 000 I
i ! 90 1 000 000 000 000 000 000 000 000 |
o | 10 1 000 000 000 00O 000 000 000 000 |
- | 30 1 000 000 000 000 000 00C 000 000 |
s | 4 SO0 | 000 000 000 000 000 000 06O 000 |
- [ 70 1 CCO OVO 000 000 000 000 000 000 !
¢ ! 90 | 000 000 000 000 000 000 000 000 |
1 ! 10 1 000 000 000 00O 000 000 000 000 I
- | 30 1 000 000 000 000 000 000 000 000 !
o ! 6 S0 | 000 000 000 000 000 000 000 000 |
» ! 70 1 000 000 000 000 000 000 000 000 !
- ! 90 1 000 000 600 000 000 000 000 000 I
o ! 10 I 000 000 000 000 000 000 000 000 |
i ! 30 1 000 000 000 000 000 000 000 000 |
o [ a S0 | 000 000 000 000 ©00 000 000 000 I
a | 70 1 000 000 000 000 000 000 000 000 |
s ! 90 | 000 000 000 000 000 000 000 000 |
A . - e e e . s e e b e o amr i s e e e e e S e W e e e mi s % S S B R e W S S S e = T e e s me Wm e e
N [ 10 I 000 000 000 000 000 000 000 000 |
43 ! 30 1 000 000 000 000 000 000 000 000 |
3 I 10 50 I 000 000 000 000 000 000 000 000 I
5 | 70 1 000 000 000 000 000 000 000 000 |
¥ [ 90 1 000 000 000 000 000 0G0 000 000 |
o
s
-

LAOA

.4
o
‘
a
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*** ceiling reflectance = 80% #*x*

JILLUMINANCE FROM TOFSIDE OF BLINNS (EXFOSED TO SUN)
HORIZONTAL RLINUS, ANGLE =

| ROOM DEFTH 7/ | !
| WINDOW HETGHT | WINDOW WIDTH / WINDOW HEIGHT W/ HI
! | !
T (VA | 200 U B 1 1 oy 3 4 é6 8 INF |
| 10} 000 000 000 000 000 000 000 000 |
! 30 1 000 000 000 000 000 000 000 000 |
i 1 50 1 Q000 000 000 000 QOGO 000 000 000 I
! 7201 000 000 000 000 000 000 000 000 |
| 0 1| 000 000 000 00O 00O 000 000 000 |
| 10 1 000 000 | 076 fF 000 000 000 000 000 |
| 30 1 000 000 | 045 § 000 000 000 000 000 |
| 2 S0 1 000 000 | 045 J 000 QOO0 QOGO OO 000 |
| 20 1 000 000 | 032 ] 000 000 000 000 000 |
| %0 I 000 000 | 025 1 000 000 000 000 000 |
| 10 1 000 000 GO0 000 000 000 000 000 |
| 301 000 000 000 000 000 000 000 000 1
! 3 st 000 000 000 000 Q00 Q00 000 000 |
| 70 1 000 000 000 000 000 000 000 000 |
| 20 1 000 000 000 000 000 00O 000 000 |
| 10 1 000 000 000 QO 000 000 000 000 |
| Jo1 000 000 000 000 000 000 000 000 |
I 4 SO 1 000 000 000 000 000 000 000 000 |
| 70t 00C 000 000 000 000 000 000 000 |
! 90 I 000 GO0 000 000 000 000 000 000 |
! iot 000 000 000 000 COQG Q00 00 000 |
! 301 000 009 000 000 000 000 000 000 |
! b 50 1 000 000 0G0 000 000 000 000 000 |
| 70 1 000 000 000 000 000 000 000 000 |
! g6 I 000 000 000 (00 000 000 000 000 |
| 10 1 000 000 000 000 000 000 000 000 |
1 30 1 000 000 000 000 000 000 000 000 |
| 8 50 1 000 000 000 000 000 000 000 000 |
| 70 1 000 000 000 000 000 000 000 000 |
| 90 | 000 000 000 000 000 000 000 000 |

10 1 000 000 000 000 000 000 000 000 |

301 000 000 000 000 000 QOO 000 000 |

%50 1 000 000 000 000 000 000 000 000 |

70 1 000 000 000 000 00O 000 0600 000 |

90 1 000 |

o e SE B s Bie e S8 M. B v e A RIS bms w4 W G w MR SR W B el e WS S e e W WS MM m G Ee G T e e M e e G Ea G W e PE e
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*#% ceiling reflectance = 80% ***

ILLUMINANCE FROM TOFSINE OF BLINDG (EXFOSED TO SUN)
HORIZONTAL ELINKIS» ANGLE = 45

10 1 000 000 000 000 000 000 000 000
30 I 0G0 000 000 000 00O 000 000 000
3 50 1 000 000 000 000 000 000 000 000
70 1 000 000 000 000 000 Q0O 000 000
|

90 000 000 000 000 000 000 000 000

ROOM DEFTH / | | ]
WINDOW HEIGHT | WINDOW WIUTH / WINDOW HEIGHT W/ H h
' |
0/ H 28 U IS 1 2 3 4 4 8 INF | 4
s et o e e e vr e o0 2" o o o - o oo St o1t 401 4t ws ot < o e o wer e rn e o ure ot 2o 15 o oo e B4 he o1 M s e o - 4

10 1 000 000 000 000 000 000 000 000 | g

30 1 000 000 000 000 000 000 000 000 |
1 SO 1 000 000 000 000 000 000 000 000 | ;
70 1 000 000 000 000 000 000 000 000 | g
90 | 000 000 000 000 000 000 000 000 ! =
e e s o s o 1 e e o 121 o e m e e e e o e s e e s 7 s 4
10 1+ 000 000 ] 047 ]| 000 000 000 000 000 ! 5
30 1 000 000] 038|000 000 000 000 000 | 4
2 50 | 000 000 ]| 026 | 000 000 000 000 000 | g
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*** ceiling reflectance = 80% ***

ILLUMINANCE FROM TOPSIDE OF BLINUS (EXPOSED TO SUN)

HORIZONTAL EBRLINRS, ANGLE = 60
! RODOM DEFTH , | |
I WINDOW HEIGHT | WINDOW WIDTH / WINDOW HEIGHT W/ H I
! ! 1
Il 0/ H D1 .5 1 2 3 4 ) 8 INF |
! 10 1 000 000 000 000 000 000 000 000 |
| 301 000 000 000 000 OGO 000 000 000 |
| 1 S0 1 000 000 000 000 000 000 000 000 |
| 70 1 000 000 000 000 000 000 000 000 |
! 0 1 000 000 009 000 000 000 000 000 |
| 101 000 000] 019 | 000 000 000 000 000 1
I 30 1 000 000 ] 0185 | 000 000 000 000 000 |
| 2 50 1 000 0001 010 | 000 000 000 000 000 |
| 720 1 QGO0 QOO | 007 1 000 (OO 000 000 000 |
} 90 1 000 000 ] 0046 ] 000 000 000 000 000 |
! 10 1 000 000 000 000 000 000 000 000 |
| 301 000 (000 000 000 000 000 000 000 |
| 3 50 1 000 000 000 000 000 000 000 000 |
! 70 1 000 000 000 000 000 000 000 000 |
! 20t 000 000 000 000 000 000 000 000 |
! 10 1 000 000 000 000 000 000 000 000 |
| 30 | Q00 000 000 00C 000 0GOO 000 000 1!
| 4 SO 1 000 000 000 000 000 000 000 000 |
1 7201 000 000 000 000 OGO 000 000 000 |
| 90 I 000 000 000 000 000 000 000 000 |
! 10 1 000 000 000 000 000 000 000 000 |
! 30+ 000 GO0 000 000 000 000 000 000 1
| é 50 1 000 000 000 000 000 000 000 000 1|
| 720 1 Q00 000 000 000 OGO 000 000 000 |
! 20 I 000 000 000 000 000 000 000 000 |
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| 20 I 000 000 000 000 000 000 000 000 |
1 8 0 I 000 000 000 000 000 000 000 000 |
| 720 1 000  0QO 000 000 QOO0 (OO 000 000 |
I 20 1 000 000 000 000 000 000 000 000 |
| 10 1 000 000 000 000 0600 000 000 000 |
| 30 I 000 000 000 000 000 000 000 000 |
| 10 50 1 000 006 000 000 000 000 000 000 |
[ 701 000 ©OO 000 000 000 000 QGO 000 |
| 0 1 000 000 000 000 000 000 000 000 |
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5. DAYCU2 Computer Program

i

The DAYCU2 package is written in ANSI-standard FORTRAN-77 and
has been implemented on the DEC VAX 11/780 minicomputer. The com-
piled binary code requires about 150k bytes of user memory for exe-
cution. The code consists of the three main programs DAYCUZ,
SUNMUWL, and SKYMW.; approximately twenty additional subroutines are
used. The enlire source listing may be found in Appendix S.
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5.1 Basic Equations

We obtain expressions for illuminance at any point in the room
by starting with the inverse square law for illuminance from a point

source: cd cosg
E =77
where cd = candela
8 = angle between incident ray and a normal to the surface
where illuminance is being measured
r = distance from point source to target point
E = desired illuminance value
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If we treat each point on the window as a point source, we can write 1
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a double integral expression to yield the illuminance at any point in

the room due to the window, provided we know the brightness evident

anywhere on the window. Let (xo,yo,zo) be the point in the room at

which we want to calculate E. The "cd" factor will always be
5&%%51‘1 where L(x,z) is the brighiness evident

through point (x,z) on the window.

The "cos8" factor will vary according to the room surface which the

target point lies on. In addition we must account for transmission

loss due to angle of incidence (see section 2.1) -- we may write

this factor as T(x,z). In general the expression for E is then
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L{x,2) Y1

- —2cl =

E _\I. T r2cosg T(x,z) dx dz
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It is most convenient to perform a coordinate translation so that
(XO’yO’ZO) becomes the origin for the integration -- this gives us

these integration limits:

1= %0 x2=X-x0 2, = -z4 22=Z-zO

If we wish to keep the contribution due to the sky separate from
that due to the ground (which we do wish), then we evaluate two
double integrals, the first with z-limits (-z,,0), the second with
limits (0,Z-z.) -- these two evaluations give us the contribution
from the grougd and sky, respectively.

X

Whenever illuminance must be calculated, a 2-dimensional
Simpson integration is used, with interval size chosen so that the
maximum interval dimension does not exceed 0.2 times the distance
from the target point to the window. In any case, however, the
number of intervals cannot exceed 50 in the z-dimension, or 200
in the x-dimension.

The Simpson integrand is formed as follows:

a) L(x,z) comes from the corresponding expression in 2.3, where

: Z 2 2 2\ 3
sin h = T = (x%? + Y% + 2%)

? ’
b) T(x,z) comes from the expression in 2.1, with
. _ (x%+2%) _yY
sinf = - , cost = <

c) The cosB8 term varies with target room surface, as follows:

target surface cos 8
west or east wall Ixi

r

Y
south wall T
floor or ceiling [%‘

N
ot
w3

| RN

_[‘l

Y AN

Py




Ity | Ay

................................................

5.2 Handling Venetian Blinds

Following are the basic techniques used to handle venetian blinds
in the program package:

1. From any point in the room at which it is necessary to compute
illuminance from the window, the proportion of the exterior which
is visible through the blinds is determined (Appendix D). This
proportion is then used to factor the illuminance due to the blinds-
free window.

2. The proportion of the exterior which is obscured by the blinds is
presumed to be "replaced" by the diffuse brightness of the blinds.
This process is carried out separately for both the top side of
the blinds (exposed to sunlight) and the underside of the blinds
(hidden from sunlight). In each case, after the final exitance of
the blinds surface (topside or underside) has been determined, the
total resultant flux is treated as being uniformly emitted from
the entire window-wall.

Quantitatively, the effect is easily computed by simulating the
blinds effect with that of the uniform sky or ground of the same
brightness as the blinds and factoring by the proportion of the
window which is obscured by the blinds side in question.

3. A flux transfer analysis is used to determine the exitance on each
portion of the blinds (topside and underside). The analysis ac-
counts for the reflectance of the blinds, the initial illuminance
on the blinds from sky, ground, and sun, and the blinds opening
angle. The exitance determined in this fashion is exclusive of
any interreflections within the room.

4, For purposes of flux transfer analysis among the surfaces of the
room, a constant blinds reflectance = 50% is assumed, and the
reflectance of the window-wall is then

SsnY where 7 is the blinds opening
angle

The above points should become clearer as the user goes through
the step-by-step procedure in the next section and through the ap-
pendices.




5. Step-by-Step Procedure

This section outlines the logic flow of the program package.
It may be thought of as a prose flowchart. When no blinds are present,
each CU value in the table is intended to be multiplied by the ver-
tical illuminance at the window. When blinds are present, the CU
value is intended to be multiplied by the final exitance on either
the underside or topside of the blinds. When DAYCUZ computes the
tables, the vertical illuminance at the window is presumed to be
1000 fc; final exitance on blinds is presumed to be 1000 fL. Illum-
inance at each of the 5 room target points is then calculated --
these illuminance values, divided by 1000, are therefore the desired
CU table entries. The procedure follows:

PRI
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1. The room is assigned height = 10 feet. Length and width are then
determined according to the ratios of length and width to ceiling
height.

2. Each room surface (except the window-wall = north wall) is par-
titioned into rectangular zones of equal size. For the indirect
(reflected) component calculation, each zone is treated as a
diffuse light source of constant exitance. The zone sizes are
chosen so that the longer dimension of any zone does not exeeed
0.2 times the largest room dimension.

.1.‘.;' -‘nl‘_lli‘l s e

3. Each zone from step 2 is assigned unit exitance; its illuminance
to each of the target points is computed (see Appendix B).

4. Illuminance from the sky and ground is computed at each of
a) every point on the room surfaces which lies at the center of
a zone from step 2.
b) each of the 5 target points on the floor.

This illuminance is computed using 100% window transmittance and
no blinds on the window. For each point, 6 values are saved:

i) illuminance due to sky distribution V/H = 0.75

ii) " 1.00
iii) " 1.25
iv) " 1.50
v) " 1.75

vi) illuminance due to the ground

Note that i) thru v) are computed assuming ground exitance = O;

vi) is computed assuming a completely black sky. These calcula-
tions employ the integral expressions discussed in section 5.1;

zenith luminance and ground exitance values used are derived in

Appendix G.
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5. For the later blinds calculations, auxiliary tables are derived
from those of step 4. These auxiliary tables give the illuminance
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at each zone center and target point due to a uniform sky of unit
luminance and due to a ground of unit exitance. One pair of tables
accounts for transmission loss due to angle of incidence; the

other pair does not. The former is used in computing the "through"
component from sky or ground; the latter are used in computing the
effect of blinds exitance.

The flux transfer coefficients for the room in question are com-
puted. The resulting matrix equation may then be solved for the
final average exitance on each room surface, provided the initial
average illuminances on each surface are known. The flux transfer
matrix equation may be written:

3 13 r 7

N N R N
final (equilibrium) exitance of surface i
- reflectance of surface i

1}

D
"

m
n

initial illuminance on surface i

n
1}

form factor from surface i to surface j. See Appendix C.

Note that the F.. depend only on the room geometry and hence are
completely dete%ﬁined at this point. The . are each fixed, ex-
cept for {92, the reflectance of the window-#all. When no blinds
are present,” £, is assumed zero. Otherwise, F2 varies with
blinds reflectange and opening angle. Therefore “at this point o
is set to 1, so that the actual row 2 of the matrix may be deter-
mined later simply by multiplying each entry in the row by the
true value of For

The table values for the various sky distributions and the ground
are computed -- windows are unobstructed. This is done by averag-
ing the initial illuminances at the centers of zones (from step

4). Then the flux transfer analysis described in step 6 may be
performed to yield the final average exitance on each room surface.
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The individual zone brightnesses are then adjusted in a manner
consistent with both the initial illuminance on each zone and the
final average brightness on the room surface. Once this is done,
the effect of the zones upon the target points may be calculated
using the multipliers from step 3.

Ml
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8. For a given blinds angle setting, the proportion of sky and
ground which are visible thru the blinds from each zone center
and target point are computed. For example, a sky value of .27
would mean that for the interior point in quastion (either a
zone center or target point) .27 of the sky is visible from the
point; the remaining .73 is obscured by the blinds. Appendix D
discusses the determination of the visibility proportions.

At each blinds angle, the proportion of topside (exposed to the
sun) and underside (hidden from sun) of blinds is calculated.

9. For each blinds setting and type (horizontal or vertical blinds),
the following tables are calculated using the proportions deter-
mined in step 8:

Sky thru component

Ground thru component
Underside of Blinds component
Topside of Blinds component

For the sky and ground thru components, both sky and ground are
presumed to produce 1000 fc vertical at the window. For the
blinds tablss, the exitance of both the topside and underside
is assumed to be 1000 fL.

5.3 SUNMUWL. and SKYMUL

The solar blinds multipliers are calculated by the program
SUNMUWL according to the discussion in Appendix E.

The sky blinds multipliers and ground blinds multipliers are
computed by the program SKYMUL according to the discussion in
Appendix F.




6. Conclusions and Recommendations

6.1

6.2

It is felt that the work here has resulted in an extremely pow-
erful tool for predicting the effect of daylight in interior spaces.
The tables are easy to use, requiring only a few table lookups and
simple arithmetic; at the same time the tables are reasonably com-
pact while spanning a wide range of conditions.

The DAYCU2 package should prove itself to be a very versatile
research tool, since with minor modification it can permit the anal-
ysis of hypotheses which might possibly condense the total informa-
tion into fewer tables or even a series of analytic formulae. The
package might also be used to generate tables for other daylighting
conditions, such as wall reflectance other than 50%.

The following paragraphs discuss some recommendations and pro-
visos regarding the use of the tables:

Venetian Blinds and Direct Sunlight

When a strong solar illuminance is present on the window, extra
care is called for when applying the CU tables. Since the sun will
produce the dominant illuminating effect within the room any toler-
ances in assumptions or application will magnify themselves in the
predicted result.

In particular the user should be careful to ascertain the actual
refiectance of the blinds. He should also be mindful of the presum-
ption within the tables of perfectly flat blinds slats. If the slats
show substantial curvature the CU tables' predictions are likely to
be optimistic. Also, if the blinds surfaces are not predominantly
diffusing, substantial deviation is likely between reality and pre-
dicted result.

Finally, it is worth stressing that the tables assume that no
direct sunlight enters the room. Therefore the CU tables' predic%ed
result for blinds opening angle = 0~ and solar profile angle = 30
will be substantially divergent from reality since in this case sun-
light can enter the room. Other combinations of opening angle and
profile angle can also result in the entry of direct sunlight into
the room.

Relationship of Blinds Reflectance to CU Values

In an environment involving venetian blinds, it seems that the
illumimance at a taryct point would be proportional to the exitance
of the blinds. This is approximately true, with a few provisos.
First, the daylight entering the room between blinds slats must be
accounted for separately. Secondly, and more subtly,
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=~ a change in blinds reflectance will influence the interreflection
{ calculations among the room surfaces. Since some of this interre-
! flected light will have originated as daylight passing between

3 blinds slats, its effect will muddle the relationship between the
oA exitance of the blinds and the illuminance at the target points.

If we substract the effect of daylight entering between blinds
slats and if we ignore the effect of the blinds reflectance on sub-
sequent interreflections involving this directly-entering daylight,

;ﬂ we may examine the following hypothesis:
iﬁ "The illuminance E at a target point which is due only to flux
{% reflected from blinds" is proportional to the exitance of the blinds."
:\: To make use of this hypothesis we note from Appendix F that the exi-
e tance L on blinds is B )
X P FEFia |
- i _  2p2
i £

[
s

A

If the illuminance is coming either from the sun or the sky, then

E, = 0 and for given blinds opening angle the numerator is propor-
tional to fJ’. For 100% blinds reflectance the denominator has

the minimum value 1 - .4? [approximately] = .84 For reflectance 70%
the denominator has minimum value approx. 1 - .7%2.4% = .92

These minima are for opening angles of O degrees. For other opening
angles the form factor F12 decreases, so that the denominator in-
creases toward 1.
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T Since the denominator will be close to 1 in most cases of

- interest, we may state that the illuminance at the target points

due to the exitance of the blinds will be approximately proportional
to the square of the reflectance of the blinds, except for ground
light, where El is not zero.
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6.3 Window Smaller than Entire Wall

In many if not most applications the window will not occupy
the entire wall. In such cases the illuminance values predicted
from the CU tables should be adjusted downward by the fraction of
wall ~rea which is occupied by window. For example, if the
windov, is 5' x 8' and lies on a 30' x 10' wall, the proportion of
wall area occupied by window is (40/300) = 0.133... The predicted
target point illuminmances should be multiplied by 0.133... If more
than one window lies on the wall then their cumulative area is used
in determining the factor; only a single application of the CU
tables is necessary.
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, For windows centered on the wall, the CU predictions should be
kN pessimistic when compared to reality; when the windows tend toward
room corners, the CU predictions should be optimistic.
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(‘ 6.4 Windows on More than One Wall j
b Where more than one wall has windows, the CU tables should be 1
o applied separately for each wall which has windows; the results N
3 should be added. The user should be aware that since the CU tables -
- assume 50% reflectance on all walls except the window-wall, the CU y
- prediction is likely to be optimistic in cases where more than one =

wall has windows. However, when venetian blinds are present the »
o actual reflectances will be closer to 50%, so the table predictions B
1 should be more accurate. R
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A. Computing the Solar Profile Angle

The daylighting coefficient of utilization tables presented
here require the knowledge of the solar profile angle if it is
desired to use the tables for an application involving horizontal
venetian blinds. If vertical venetian blinds are used, the user
must know the solar azimuth angle. In practice the azimuth angle
will be given or easily obtained; the profile angle is computed
from the known values of azimuth angle and altitude angle.

The azimuth angle is that angle between the outward normal
from the window-wall and the projection of the vector from the
window-wall to the sun onto the ground. The elevation angle is
the angle from the horizon to the sun. The profile angle for
the horizontal blinds case is that angle between the outward
normal from the window-wall and the projection of the vector
from the window-wall to the sun upon the vertical plane containing
the outward normal.

Let 9ﬂ= solar azimuth angle, é{ = solar altitude angle
(= solar elevation angle)

Then the profile angle '3 is given by

—— -1 {tan&
/'{3 = tan {w“
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B. Configuration Factors
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The configuration factor C is the ratio of the illuminance at a
given target point to the exitance of a Lambertian surface, pro-
vided the point is illuminated exclusively by the surface. Two
cases are useful here: (1) the target point lies in a plane para-
1llel to the surface, and (2) the target point lies in a plane
normal to the surface.

iy
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B.1 Parallel Target Plane

L ll':l‘ "'.

X X
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The configuration factor C is given by

gJ‘ Yu .
z
dx dy
A "n'(xz + yz + 22)?

—I—EZLF(x vy (-1)i*d
24 7]

=l j7

(]
1]

]

where
F(X,y) = — tan'1 Y + — tz-,m'l X

x2422 Vx’+zz (§?IE? y*+z?

If the exitance of the surface is L fL, then the illuminance E is
simply E = LC.
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B.2 Normal Target Plane
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The configuration factor C is given by

Ky,
| ( X 2
c o) 1 (x*+y®sz dx dy
Ky N
2 2
= < 1+]
= oa ji E; F(xl,yJ) (-1)
<0l
where
F(x,y) = L tan! 7::%::
\ x?+z? \ x2+2?

If the exitance of the surface is L fL, then the illuminance E is
simply € = LC.
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C. Form Factors

The form factor from one surface to another is the proportion of flux
leaving the first surface which is incident upon the second. The fol-
: lowing treatments give the form factor F., from surface 1 to surface
v 2 for the cases where the two surfaces af@ either parallel or normal:
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C.1 Parallel Surfaces

—
N
MU 4

\

\

—
PR - § WA

RN » 4 ARANY

dy, V2 X2 .y
F._ = z? du dv dx dy
12 "arA Jy L ) J C-w)® s (y-v)® + 2%)%
l ' i Y|

2 2 2 2 .
Z ZZ Z H(ui’vj’xk’ym) (_1)1+J+k+m

l ot J:’ Kl we)

Z!
= 2wA
where

- 2 -1 b 2 -1 a
H(Ui,Vj,Xk,ym) = b'Vl+a tan m + a¥Y1l+b? tan m

- % 1n (1+a%+b?)

(xk- ui)

Nj— N~

(Ym- Vj)

A. = area of surface 1




C.2 Normal Surfaces

X

J1 .

- y2
yd sui'face ;
—-— yl
-

Z2 b4
Lo
i X

zl/g V2

Kep¥s
f (x X) {Z-2) dv dz dx dy

I

12 '” ” ’ ((x=X3 % + (y=v)T + (z-2)7)?
- 88 s 14§k
+ j+k+m
21TA1 ;;kl é; G(Vi’zj9xk)y ) (-1)
where

G(Vi’zj”‘k’ym) = aVc?+b? tan'lﬁ%; + $(a?-b?-c?)1n(a?+b?+c?)

as=y, -V

b=27-2

p -
n

| = area of surface 1 = (x2-xl)(y2-yl)

x-coordinate of surface 2

x|
"

~Ni
n

z-coordinate of surface 1
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D. Proportion of Sky and Ground Visible through Blinds

2=y 1 -1.158ind"

1.15cos

z=-Ytan?¥

l+ 1.15sin>

Z = Y =T T5cos »

N

-

NN

/
/
/

;- view point
-7 (Z=0)

AN N G VA N N N N N U U N N N O N N

We need to know the proportion of the outside environment (sky
and ground) which is visible through venetian blinds. In the sketch
above let the view point have z-coordinate zero and let its distance

from the blinds be V.

¥ is the opening angle of the blinds.

Divide the blinds into regions, A and B, and note that above region
A and below region B, nothing outside is visible from the view point.
ARlso note that the "topside" of the blinds are visible in region B,
while the "underside" are visible in region A.

Y. T e T e




e

Pl SR )

-

L

il bl Sy

Pl

PPN M AN

Cross-section view of two blinds
vanes in region A

The sketch above graphically illustrates the view position
into region A. We assume that the blinds have width equal to 1.15
times their spacing and that Y is large compared to the blinds
width. The proportion of the exterior which is visible is then

l-b-¢c =1-1.15sin¥y - 1.15 % cos ¥
Over the entire portion of region A in question, then the proportion
visible is
2
~( (1 - 1.15sin ¥y - 1.15 % cosY ) dz
Z,

_ . cos T 2 2
= (1 -1.15 sin7T ) (z2 - Zl) - 1.15 >V (z2 - Zl)

where Z, and z, are the lower and upper limits of the subset of
region A in qaestion. In practice a proportion of sky visible is
computed separately from a proportion of ground. For the sky we

have z) = 0 and z, cannot exceed y (1 - 1.15 sin¥")
1.15 cos r
For the ground we have z, = 0 and Z, cannot exceed -Y tan ¥ .

{
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Cross-section view of
two blinds vanes in
region B
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The sketch above illustrates the view position into region B.
We again assume blinds width:spacing ratio = 1.15:1, and that Y is
large compared to blinds width. The proportion of the exterior vis-
ible is
1+b-c = 1+ 1.15sin¥ +1.15% cos¥

Over the entire subset of region B in question, the proportion is
22

(1 +1.15 sin?7 + 1.15 % cos ¥ ) dz

[}
=1+ 115sin¥) (2, - z) + LI °°§YT (23 - z3)

where zy and z, are the lower and upper, respectively, limits of
the subset of region B in question. Since only the %Tound may be

visible through region B, z, can be no less than _ (1 + 1.15 sin:)
and 2, cannot exceed -Y tan?". 1.15cos /
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Exitance on Blinds due to Sunlight

Blinds are treated as being of 1.15:{ width 4c spacing, and in-
finite length. We are interested in determining t-e exitance on
the underside and topside of each vane.

/
/
;
/
‘/
surface
1

surface 3

..— surface 2

Refer to the above cross-sectional view of 2 adjacent vanes.
In general, the sunlight will only strike a portion of the lower
vane. Therefore, the required exitances are determined by a three-
surface flux-transfer analysis. Surface 2 is that portion of the
lower vane which receives sunlight; surface 3 is the remaining por-
tion of the lower vane. The flux transfer equations in matrix form
are:

v — - — amad -

-LoeF PRSI L - R

LA 0 L| = [-pE,
pFsy O -1 L, 0

We solve for each L. using Cramer's Rule:

P
L, = f‘ + PRt 2
- /}Fl} 31 - PR

-

E, P51F21 - P E2"—1353»1-'

L. =
2= F l’f 133 - 12F21_|




...........................

2| EiF5) + EFoFq)

_T - 2
L-pFisfs1 - pF1f o

where /9 = reflectance of blinds

ij = form factors

Li = final (equilibrium) exitance of the three surfaces

E. = initial illuminance on the surfaces from direct

sunlight
It remains to determine the Fi. form factors. Refer to the
figure below: J
/4 T

surface 1 = ‘

surface 3 -—-_\\\\ surface %{) :L—

<

—— b
0 v v, 1.15 v +1.15

Determination of the form factors F 2 and F__ are special cases of
the general formulae which are giveA in seééion C.1 . Here we
have Y = 0 and yy = 1.15, with Xy and Uy running to negative in-

finity, and Xo and U, running to positive infinity.

The v-limits are as shown in the sketch above; note that v, = sin¥
where Y is the blinds opening angle. Evaluating the gene}al-case
integral expression for parallel-surface form factors and taking
the limits as the x and u limits tend to infinity, we get:

7
Fl} = 2—13 ['sz’-o.z2 —'\/v,2+22 - 1/(1.15-v9+ z? +V(l.15—vl)2+22 ]

RE T

vl
Pt

4
WS

L
v

&
.
)
<,
a

The expression for Fl2 follows by changing the integration limits
(vl,vz) to (v2,vl+L6). The computation of Vo is discussed on the

following page.

e

’




To determine the quantity v, for the form factor calculation, we
must compute the length a, “as shown in the sketch above. ¥ is
the opening angle of the glinds, o is thesolar profile angle.
After applying some trigonometry, we obtain:

1
cosytand + siny

1015 -

a3

and v sin? + a

2 3
Finally, we must compute E,. Note that no sunlight reaches

either surface 1 or 3; hence El = E3 = 0. To compute E2 we

let B be the vertical illuminance on the window from direct sun-
light. Assigning unit area to the window, this means that B lumens
‘fall on the window. The illuminance E2 is then B divided by the
area of blinds exposed to sunlight, or

B

E, = TIS—-EE = B (cos¥tand + sin¥")

The average final exitance on the topside of the blinds is

Liopside = (Lp(1:15-33) +Lja5) / 1.15
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F. Exitance on Blinds due to Sky or Ground j
3
K
3
w3
-~ ]
surface 1 —— 3
u
inside <------ »
room

surface 2

- Cross-section view of 2 adjacent
’ blinds vanes

;i We seek to determine the equilibrium exitance on the side
oy of the blinds visible from within the room. We accomplish this
1 with a 2-surface flux-transfer analysis: surface 1 is the under-
.@ side, surface 2 is the topside of two adjacent vanes. The matrix

) form of the flux transfer equations is:
IR I »E
2BV ) “PE2
where P = blinds reflectance
F12 = form factor from surface 1 to surface 2 (in this case
we havs F = F21)
Li = final (equilibrium) exitance on surface i
Ei = initial iliuminance on surface i
We may solve for L and L2 using Cramer's Rule:
[E + PE F12-| + l{;ElFl2
fL 1- gF}, ) f’ AL
:ﬁ The form factor F,, is oblained from the expression for Fls in
%1 Appendix E -- setl?ng Vo = V4 1.15 = sin?” + 1.15 in that

expression, we get l

Flop = 2—13{\/2.3225 = 2.3 sin?  +Af2.3225 + 2.3 sinw -2

-‘.-. .................................................................................. ‘>'§ n~. __~- . .
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F.1 Initial Illuminance on Top of Blinds due to the Sky

z 1 - .5755in ¥

t T %27 T 575cos
y

To compute illuminance E2 at point p due to the sky, we treat the
sky as an infinite x-z “plane at distance y = 1 from p. The
plane's exitance t is the same as the uniform sky brightness.

The limits of integration are (-« ,« ) in the x-direction, and
(0,22) in the z-direction. Assign p the (x,y,z) coordinate loca-
tion“ (0,0,0); the illuminance at p from a point candlepower source
at (x,1,z) on the infinite plane is

_L_1sinY + z cos¥

= where T = \Vx? + 1 + 2?

1
E"1T T T r?
Hence the illuminance E2 from the entire infinite plane is

.~' LIPS P .
:_j €, - '?_r- ( J sin Y +az cosd 4 4z
Y e r .
A o a ,t;
o _ L siny¥ \“ Y dx dz , LcosY ( ( z dx _dz
=Sy ) ) el Y T )l Fe1ezD
T e e
;; These two double integrals are special cases of those integrals
ey leading to the configuration factors; i.e.,




.........

(=%
L cos cos z dx dz _Lecos¥f -1 tan~! X
(X +2°+1) 2w (yz2%+l a VzZ+1
-

e, - Lsma’% L cosy E( 7_7:1_7]

_ (1 -57say)
2 575 s

where 2z
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F.2 Initial Illuminance on Top of Blinds due to the Ground

|
g
A
Kl
*l
9
j

e —-
/
/
/
Y
Y

y=0 ylzcotr

Here the ground is an infinite x-y plane of uniform exitance L.
For convenience we assign the infinite plane a distance z =1
from the target point p. Proceeding in similar fashion to the
previous section, we obtain

o in- cos¥
E=L5f%%zxsm-cos dx dy

2 T
‘Tr' "a‘ ] ) ¢‘
_Lsiny ® y dx dy _Lcosd dx dy
- v x2 +yt+1)? m (x? + y2 +1)?
—(D ﬂl .-@ jl
_ L sin¥ ( Y1 )
2{y1+l '°0571‘Wi11—

where y, = cot ¥

Dk Er - Ao
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F.3 Initial Illuminance on Underside of Blinds due to the Ground

z
L y
- —Y_
s &
~ .
A~ ]
\ ~ 4
\ ~ -
\ ~ - _}
zZ=1 \ < ﬂ
\ ~
~ .
\ ~ y
\ ~
~
\ ~ B
I | T
0 _ _ <575c0s 7 _
Y1= T+ .575sin¥ yp= cot?
Again we treat the ground as an infinite x-y plane of uniform

exitance L and at distance z =1 from the target point p.
We have

@® ~Y y
_ L 1l1cosY -y siny
E2'1r j f rr? T dx dy
¢ )
o

Y Y
_Lcos” Y o dy L sin¥ y dx dy
T oar (x* +y* + 1) 7 Ar (x* + y* +1)?
« 7Y, - 7Y,

L Y2 Y1 ( 1 1 )]
2 [”Sx (Vy;u ’W?l) - sin¥’ AT TARE

_ 575 ¢s Y
where ¥y =71 +57Ssia ¥

Yo cot ¥



G. Zenith and Ground Brightness to Produce 1000 fc Vertical Illuminance 4

Y AP

VPR - § TETCIT +iy

IRBRAT, Y S

The calculations which involve the sky distributions require
knowledge of the zenith luminance L_; calculations involving the
ground require knowledge of the ground exitance L. . The
sketch above illustrates the coordinate system used to® arrive at

LZ and Lg' @ is the azimuth angle, 8 is the elevation angle of

the point p in the sky. Either the sky or -ground may be treated as
a quarter-sphere of unit radius. Therefore the vertical illuminance

E is w,jg
E = J‘J 5(%)— cos?8 sin@ dg de

< Ve

WP ST RTSIRE [ NP

where L(8) is the brightness of the sky at angle 8 above the horizon.
Using a 32-interval Simpson approximation for each different sky dis-
tribution, the following values of LZ were obtained:

Vertical/Horizontal Illuminance LZ (fL)

PRI RT T I el | WSO Sl S BN ) nl’

0.75 3373.1
1.00 2000
1.25 1170.9
1.50 839.6
1.75 643.55

L

The ground may be treated in exactly the same way as the uniform sky,
yielding

L_ = 2000 fu
9

____________ R T T T AT T S VP T
2 hay N s o te e PP R U W S SU UM WOl WL AR S S AP




w
i
-

prid i 2

i

B L T T e S T I Py U s ——

GENERATE DAYLIGHTY COEFFICIENT OF UTILIZAVION TABLES

-

e,
-

i

--~ PROGRAM VARIABLESsARRAYS ---
A ~ SCRATCH MATRIX FOR FLUX YRANSFER CALCULATIONS

v
NI

[}

2 2

''''''''''''''''

c

c

c

c

c Y

C RFL. - FINAL EXITANCE ON UNDERSIDE OF BLINDS :

C DIRECT(I,.J) - DIRECT ILLUNINANCE ON TARGET PT T FRON SKY J 1
3 C E(Iyd) - CONFIGURATION FACTOR FROM ZONE I TD TARGET PT . ]
X C E1GR - XLLUNINANCE ON UNDERSIDE OF BLINDS FRON GROUND :
< C FISKY(I) - ILLUMINANCE ON UNDERSIDE OF KLINDS FROM SKY J R
¥ C EISUNCT) - ILLUNINANCE 0N UNDERSIDE OF BLINDS FROW PROFILE I )

< it

i‘ C E25KY - SAME AS E1, ONLY FOR TOPSIDE OF BLINDS ]
o C E2SUN ]
] CF - AUXILIARY TABLE FOR CONFIGURATION FACTOR CALX , X
o C FF(I) - FORM FACTORS BETWEEN BLINDS FOR BLINDS SETTING I g
- C FTH - MATRIX OF COEFFICIENTS FOR FLUX TRANSFER SOLUTION >
2 C F12,F13,F21,F31 ~ FORN FAUTORS AMONG BLINDS FOR SUNLIGHT CALX :

C IBTYPE - 1 = HORIZONTAL BLINDS, 2 = VERTICAL BLINDS

C LENGTH - RODOM DEPTHS
g C LOWER(I) - ILLUNINANCE UN ZONE I FROM GROUND
7 CLz(n - ZENITH LUNINANCE (FOR SKY I) TO GIVE 1000 FC VERTICAL
& C NRIV - RODM DISCRETIZATION PARAMETERS
g C OFILE ~ OUTPUT FILE NAME

C PTRACD) - POINTS TO 1ST ELEMENT IN ARRAYS (E, UPPER, E1C.)

c FOR ROOM SURFACE I

C PTRZ(D) - POINTS TO LAST ELEMENT FOK ROOM SURFACE I

C PVISL(I) - FRACIION OF GROUND VISIBLE THRU BLINDS FRON ZONE I

C PVISUCI) - FRACTION OF SKY VISIBLE THRU BLINDS FROM ZONE I

C PVISUN(I) - FRACTION OF BLINDS UNDERSIDE NOT VISIBLE FROM ZONE I

C PVISTO(I) - FRACTION OF RLINDS TOPSIDE NOT VISIBLE FROM ZONE I

C RAT - RATIO OF ILLUNINANCE (AT CENTER OF ROOM) FRON INFINITE-

c WIDE WINDON & 80‘-WIDE WINDOW

C RHO - RODM SURFACE REFLECTANCES

C RHOB - BLINDS REFLECTANCES

C ROOMD - ROOM DIMENSIONS

C CUCI»JsKsL) - CU VALUE FOR TARGET PT I, WINDOW WIDTH Js ROOM

c DEPTH K» CONFIGURATION L

C TEMP(D) - TEMPORARILY SAVES CU VALUE AT TARGET PT I

C TPVIS(I) - FRACTION OF SKY VISIBLE THRU BLINDS FROM TARGET PT I

C TPVIST(I) - FRACTION OF BLINDS TOPSIDE NOY VISIBLE FROM TARGET PT I

C TPVISUCI) - FRACTION OF BLINDS UNDERSIDE NOT VISIBLE FRON TARG PT I

C UNITLC(I) - CONFIGURATION FACTOR FROM GROUND TO ZONE I

C UNITU(I) - CONFIGURATION FACTOR FROM SKY TO ZONE I

C UNITTP(1) - CONFIGURATION FACTOR FROM SKY TO TARGET PT I

C UPPER(I»J) - ILLUNINANCE ON ZOME I FROM SKY J

C WIDTH - ROOM (=WINDOW) WIDTHS

C XTPsYTP - (XsY) COORDS., OF OF TARGET POINT

C 2EROS - 150 ZEROES

c

Soa, . . et e . P . . . . -t .
N TIPS TR P ON U O R SPLIRPJI W D I o PO S R .




PROGHAH raycue
NLAL ROOMBCS: P (11+11),E€(15055) s UFPER(15007) s LOWER(150) g

| -PIR “CT(E. 7)o FFL6) s FIMCE16)91A(616) 1RHO(S) 1 RHOB(D) 5
1 PUISL(150) s FYISUCIS0) s TPVIS(S) s E1SKY(7)»E2SKY (7) s EISUN(Y) B
% sEZSUNCIY o TEMP(S) sUNITUCLIS0) sUNITL(150) yUNTTTP(S) :
2 S FUISUNGCISO)  PUISTO(150) s TPYIST(S) s TPV1ISU(S) -
% LLU(Se8, 7,54 b LENGTH( ) »WIDTH(E) «L.2C(7)» ZEROS(150) ~
& S 12083, F1TCEI s F21CAY 51 (A) -
INTEGER PTRACS),PTRZ(S) +NRIV(3)+SKYNIS(SS) g
& RELUG .
CHARACTER OFILEX14,FAGEX20,DESC(2)%80 .
INGLURE CCSTHF, NAY j

QATA WILVTH/S.»10,+20,:3%0,140,940,:8C,»10000./
!RHU/OS;toro iv.(.in&-J/r 7["((‘3/1\10*0 /
'lE”G lu;!drt'\5(1094007(‘001 007100 /
va/.4 She 8445y 411493502, ,2335,41953/
FHROGSD, !'370.1!”0.979/
UCBUG/ L/ L72/3372.152000,,1170,9+839,61643.55,3245.3+1131./
1JhY“|S/,6¥O/

ac o A% a9

P
a@%

as

DEFN(UNET=L P TLES/SYSSINPUT/»STATUS="UNKENCWN')
NRI'EaLpIOOI)

1201 FORMAT(’ FILE NAME FOR QUTFUT??)
NEANCL 10022 OFILE

o 1002 FORKAT(A)
uf OPFEN(UNIT=2,FILE=OFILE»STATUS=UNKNOWN')
. i
}{ C DUTERMDST LOOF 1S ON ROCM DIMENSIONS
A C
- ROOMBC(Z) = 10,
é: WRITE(1,1003)
j~ 1003 FORMAT(’ -ENTER WIDTH RANGE, LENGTH RANGE )
o RIADCT o) NWL.NW2,NL1,NL2
% WRITE(1,1004)
i 1604 FORMAT( -WHAT DISTRIBUTIONS ?7)

READCI»X) (SKYDIS(I)s1=1,8)
WRITE(1,1005)
1005 FORMAT(Y ~ENTER 0 OR 1 FOR ANGLE OF INCIDENCE LOSS:7)
REALCL, %) ITAU
WRITE(1+102C6)
1004 FORMAT(' -UFFER, LLOWER BLINNMS ANGLE SETTINGS?’)
NEADC1s%) IBANGLyIBANGZ
WHITE(1,1007)
1947 FORMAT !’ -WHAT KANGE (OF BLINRS VYFES?’)
READ(1s%) IBTYP1,18TYPZ
B0 200 IWID=NWL,NW2
ROOMNC1) = AMINTCWIDTHCIWID),80.)
no 200 1LEN=NL1.NL2
ROOMDL2) = LENGTH(ILEN)
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RAT <~ RATIO OF TNFINITE WINDOW XLLUMINANCE TO 80‘ WILE
WINI'OW TLLUMINANCE AT CENVER OF ROOM

o™

Rat = 1,
1IF(IWTD.ER.8) RAT = RATIOC,.SXROOMD(2))

COMPUTE DISCRETIZATION FARAMETERS

[y i o |

ZSIZE = 0.2 % AMAX1(ROOMD(1),ROOMD(2),ROOMR(3))
bN 21 I=1,3
21 NBIV(1) = 1 ¢ ,999 & ROOMD(I) / Z81ZE

Ll

COMPUTE FOINTERS TO Z0NE ARRAY

FTRA1)
PTRZ(1)
PTRA(3)
PTRZ(3)
PTRA(4)
PTRZ(4)
FTRA(S?
PIRZ(S)
FIRA(S)
FTRZ. (&)

1

NDIV(2) x NRIV(3)

1 + PIRZ(1)

PTRA(I) + NDIV(2)XNDIV(3)
1 4 PTRZ(3)

FTRA(4) + NDIV(1)ENRIV(3)
PTRZI(4) + 1

PTRA(S) + NDIV(1)XNIIV(2)
PTRZ(3) + 1

FTRA(S) + NDIV(1)ENDIV(2)

t
[

i
-

1

LU ) N TS { T © SR N SN [ S | B U}
1

1

LOOP THRU ZONRS AND COMFUTE CONTRIKUTION OF EACH T0 THE 5 TARGET PTS

GOm

XTP +5 % ROOMD(I)
I1T=1,3

(1.1 - 2%IT) X ROOMD(2)

=

o

-
inoran

YTP

CEXILING Z0GNES

O

ZS@ = ROOMD(3) % ROOMD(3)

D3 24 J=1,NDIV(1)+1

X = (J-1,) % KOOMD(1) / NDIV(1) - XTP

80X = SARV(X%¥X + IS@)

0O 23 I=1yMD1V(2)41

Y = (X-1)XROOMO(2) / NDIV(2) ~ YTP

5QY = SERT(YXY + ISQ)

F(I.J) = (X ¥ ATAN(Y/8QX) /7 SGX + Y¥ ATAN(X/SQY) / S@Y / 6.2832
CONTINUE

CONTINUE

LS IR |

4

L

COMPUTE CONTRIRUTION FROM EACH ZONE

L= -1
DO 27 J=1/NDIV(1)
DO 26 1=1)NDIV(2D)

....................... . DA
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B I

L e e

o YI = YI1 3
YI1 = YI + ROOMDR(2)/NDIV(2) l

L=L ¢+1
E(L+PTRAC(S) »IT)
E(LIPTRACS)IT)
26 CONTINUE
27 CONTINUE

0.
F(I»J) + F(I+1sJ41) = F(InJ41) ~F(I$1s )

C NOW DO SOUTH WALL 1

DO 30 I=1,NDIV(3) + 1 3
SQZ = SART(YTPXYTP + ((I-1)XROONMD(3)/NDIV(3))%%2) ]
DO 29 J=1,NDIV(1) + 1 ‘
F(IsJ) = -YTP & ATANC((J~1)SROOND(1)/NDIV(1)-XTF)/SRZ) / l
¢ (SQZ ¥ 6.2832)
29 CONTINUE 1
30 CONTINUE y
c .
C GET CONTRIBUTION FROM ZONES ?
C

o L = PTRAC4) - 1
- DO 33 J=1,NDIV(1)

N DO 32 I=1,NDIV(3)

% L=L+1

X ECLyIT) = F(Isd) 4 F(I419J41) - FULod41) = F(I41, D)
32 CONTINUE

33 CONTINUE

.
.
“
<
E
4
L

S c
2 C FINALLY, DO EAST AND WEST WALLS TOGETHER
c
4 DO 36 I=1,NDIV(3)+1
SQZ = SART(XTPEXTP + ((I-1)XRDOMD(3)/NDIV(3))%%2)
g DO 35 J=1,NDIV(2)41
N F(Ivd) = -XTP & ATAN(C((J-1)XROOMD(2)/NDIV(2) - YIP) / SO2)
o $ / (S0Z % 4,2832)
X 35 CONTINUE
36 CONTINUE
c
"5 C CONTRIBUTION FROM ZONES
. c
X L= -1
0 DO 39 J=1,NDIV(2)
DO 38 I=1,NDIV(3)
L=1L+1
ECL+PTRA(1),1T)
E(L+PTRA(3)4IT)
38 CONTINUE
2 39 CONTINUE
42 CONTINUE

FC(IsJ) + F(I41,J41) - F(I»J41) - F(I$1,J)
E(LtPTRA(L)HIT)




C COMPUTE ILLUMINANCE TD ALL POINTS IN ROON
€ UNITLSUNTTUSUNITIP <{-~ UNIFCRM SKY» WITHOUT INCIDENCE ANGLE LOSS .
C FIRSI, FLODR AND CEILING :
C
L = -1

BQ 45 J=1,NDIV(1)

XTP = (J-.5) % ROOMD(1) / NBIV(1)

DO 44 I=1»NE1V(2)

YTP = ([-,5) % KOOMB(2) / NDIV(2)

L=0L11

x1 -AMINI(XTF, 40,3 (ROCHD(Z)-YTF))

X2 = AMTNI(ROODMBIL-XTP2»40.X(ROOHD(2)-YTI))

IO 435 15KY=1,7

IF(SKYDIS(ISKY).NE,1) 15070 43

UPPER(LEPTRA(S)}»ISKY) = RAT % RILLUM(X1,X250.RO0MD(3)
$ JROONMU(2)-YTF»SHISKYITAUTAY) X LZ(YSKY)
UPFER(LEPTRA{S) 9 ISKY) = 0,

IF(ISKY.NE,2) GOTD 43

UNITUCL+FTRACS)) = UPPER(L4PTRA(S)»2) / (TAU ¥ L2(2})
s UNITUCLEPTRACS)) = 0, n
"4 S
% 43 CONTINUE 3
. LOWER(L#FTRA(S)) = 0. N
3 LOWER(LPTRA(S)) = UPPER{L+PTRA(5)+2) -
i UNITL(LPTRA(S)) = 0. g
. URITL(L#PTRA(S:) = UNITUCLHPTRA(S)) 3
o4 44 [ONTINUE :
[ 45 CONTINUE 5
c 3
N C NEXT WCST WALL (AND EAST WALL) 9
c ;
L= -t
3] DO 48 J=1,NDIV(2)
% YTP = (J-.5%) ¥ ROOND(2) / NDIV(2)
3 D0 47 1=1,NDIV(3)
} ZTP = (1-,5) % ROOMD(3) / NBIV(3)
L=t +1
} X2 = AMINI(ROOMD(1),40,%(ROOND(2)-YTFP))
o3 DO 4¢ [SKY=1,7
N IF(SKYDISCISKY) . NE.1) GOTO 46
- UPPER{L+PTRA(1),ISKY) = RAT % RILLUN(O.»X2,0,,RO0MD(3)-ZTP
Iy 3 sROOMB(2)-YTP,1,ISKY,ITAUs TAU) X LZCISKY)
UPPER(L+PTRACS) »ISKY) = UPPER(L#PTRA(1),ISKY)
IF (15KY.NE.2) GOTO 46
o UNITUCLPTRAC1)) = UPFER(LHFTRA(1)92) / (TAU ¥ LZ(2))
] UNITUCLEPTRA(3)) = UNITU(LHPTRA(1))
5! 46 (CONTINUE

RAT X RILLUMCO.sX2+0,9ZTFyROOND(2)-YTP

LOWER(L4PTRA{1})

t s192,JTAUSTAL) X LZ(2)
LOWER(L+FTRA(3))

LOWER(LIFTRA(1))
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UNITL(L+PTRAC1))
UNITL(LEPTIRACI))
47 CUNTINUE
48 CONTINUE
C
C FINALLYs THE SOUTH WALL
c

LOWER(L4PTRA(L)) / (TAU % LZI(2))
UNITL(LPTRACD))

L= -1
D0 51 J=1,NRIV(1)
XTP = (J-.5) % ROOMB(1) / NBIV(1)
DO 50 I=1,NDIV(3)
ZTF = (I-.5) % ROOND(3) / NOIV(3)
L=L41
X1 = -AMIN1(XTP»40,XROOMD(2))
X2 = AMIN1C(ROOMD(1)-XTP,40,¥ROOND(2))
DO 49 ISKY=1,7
IF (SKYDISC(1SKY).E@.1) UPPER(L+PTRAC4)»ISKY) = RAT ¥
% RILLUM(X1sX250, sROOMD(3)-ZTP,ROOMD(2) 5 42 ISKY s ITAUS TAU) $1.ZCISKY)
IF(ISKY.EQ.2) UNITUCL+PTRAC4))=UPPER(LIFTRAC4)»2) /(TAUSLZ(2))
49 CONTINUE
LOMER (L+PTRA(4))
2 oTAL) ¥ LZ(D)
UNITL(L+PTRACA))
50  CONTINUE
51 CONTINUE

RAT ¥ RILLUM(X19X2»04»ZTPyROOMD(2)+4,2>ITAU

LOWER(LIPTRAC4)) /7 (TAU £ LZ(2))

C
C COMPUTE DIRECT ILLUMINANCE FROM WINDOW TO TARGET PTS

c

XTP = .5 ¥ ROOMD(1)

DO 55 I=1,5

YTF = (.2%1 - .1) % ROOND(2)

X2 = AMNINI(XTPs40.)

DO 54 158KY=1,7

IF(SKYDISCISKY).EW.1) DIRECT(IsISKY) = RAT ¥ RILLUM(-X2,X2
3 0. ROONMBLI) »YTPH Sy ISKY»ITAUSTAU) $ LZCISKY)
IF(ISKY.EQ.2) UNITTP(I) = DIRECT(I»2) / (TAU ¥ L2(2))
CONTINUE

CONTINUE

WRITE(DERUG»2013) ROOMD(1),RO0MD(2)

2013 FURMAT(’ RODN: ‘»F6.00° X ‘+F6.0)

LS

(4, W& |

c
¥ WRITE(DEBUG»2006) ((DIRECT(IsJ)»Jd=1s7)91=1+3)
C2006 FORMAT(/’ DIRECT TO TARGET PTS:’/(1X»7F8.3))
C

C COMPUTE THE FLUX TRANSFER MATRIX» LOOF THRU BLINDS TYFES
C

CALL FTHATR(ROOMDIFTH)

DO 57 I=1,4

IF(I.EQ.2) GOTO 57

DO %56 J=FTRA(I)»PTRZ(I)

.......................................
.................
.........
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{" PVISU(S) = 1.
\ FUISLLD) = 1,

N IF(I.EQ.S) PVISL(J) = 0,

Sy IF(I.EQ.6) PVISU(J) = 0,
N 56 CONTINUE

X 57 CONTINUE
: c

o 10 S8 I=1,5
o 58 TFVIS(I) = 1.

! c

;ﬁ C READ THE LABELS INTO SPACE USED FOR SIMPSON INTEGRATION

2 C
bt OPEN(UNIT=3,FILE='LABELS NAV’»STATUS=/0LD")

D0 62 1=1,56

5 READ(3+1010) ((RDESC(K»JsI)sK=1920)9J=192)

7 1010 FORMAT{4X»20A4)

= 62 CONTINUE

A CLOSE(UNIT=3)
C

" C COMPUTE ENTRIES FOR SKY AND GROUND TARLES THRU UNORSTRUCTED WINBOWS

-~ C

2 DO 85 ISKY=1,7

Ty IF(SKYDIS(ISKY).NE.1) GOTO 85

ii CALL COMPE(FTMsAsPVISUSPVISLsTPVIS,-15,sUPPER(1,ISKY)+ZEROS

; 8 yDIRECT(1yISKY)»0,90.sRHOsCUCLy INILy ILENs ISKY)

. § JPTRASPTRZYUNITUSUNITL UNITTPIE)
3 85 CONTINUE ‘
-3 C 4
:i C NOW THE GROUND TABLE "
<] C -

: CALL COMPF(FTMsA»PUISUSFVISLy TPVISs-1.+ZEROSsLOWERYZERDS» 0,00, é

£ JRHOsCU(1,INIDsTLENSS) yPTRASPTRZ s UNITUSUNITLSUNTTTRE) _

33 c ‘
] C LOOP ON BLINDS TYFEs THEN BLINDS ANGLE y
~ C

?3 DO 100 IBTYPE=IRTYF1»IKTYP2

. DN 93 IANG=IRANG1sIBANG2
- ANG = 15. & (IANG-1)
L WRITE(DERUG,2007) ANG
N 2007 FORMAT!’ BLINDS ANGLE ‘sF5,0)
-.': C
:ﬁ C COMFUTE % VISIELE FROM EACH POINT IN ROOM

: c
’

s CALL SKYVIS(ROOMDsNDIVsPTRA»PTRZ»FVISLyPVISUs TFVISy IRTYPE

/ t JANGsPVISUNSPVISTOsTPVISU,TPVIST)
h c

. C GET THRU COMPONENT - SKY

«" C
? L =8 + 6K(IRTYPE-1) + IANG

CALL COMPE(FTMsAsPVISUsPYISL,»TPVISsANGUPPER(1+2)+ZEROS

e A . e e
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2 »DIRECT(152)90,9.3sRHOSCUCL1»IWIDs ILENsL) sPTRA/PTRZ —
£ sUNITUUNITLsUNITTF,E) *4
SKYBIS(L) =1 B

THRU CONPONENT - GROUND 2

YO0

i = 20 + 6X(IBTYFE-1) + IANG >
CALL COMFE(FTMsAsFVUISUSPVISLyTPVIS»ANG» ZEROSs LOWER ZEROS» 0, P
2 2 SRR CUCLy IMIDS ILENSL) s FTRASPTRZ S UNITUSUNITL UNITYPSE) S
SKYDIS(L)Y = 1

UNBERSIRE CF RBLINDS

[ar B o |

L = 32 + 6x(IRTYFE-1) + IANG

CALL COMPE(FTMsAs FVISUNsPVISUN, TFVISU»ANG» ZERDS» 2EROS» ZEROS

&% 11000455 RHOSCUCLy TUWIDy ILENSL) s PTRASPTRZSUNITUSUNTYL UNITYPE)
SKYDISWL) = 1

Lo Mo ]

TOFSIDE OF BLINDS

L. = 44 + 6Xx(IRTYFE-1) + IANG
CALL COMPE(FTHsAsFVISTO»PVISTO» TPVISTsANGyZEROSYZERDSs ZERDS
§ 2100049 S5yRHOCUCLy TIWINs XLENSL) s PTRASPTRZSUNITUSUNITLSUNITTPSE)
SKYDIS(L) = 1
?8 CONTINUE
100  CONTINUE
200 CONTINUE

DO 210 I=1,56
IF(SKYDISC(I).NE.1) GOTO 210
FAGE = *
WRITE(DESC(1)>+1008) (RUESC(Jr1+1)9J=1+20)
1008 FORMAT(20A4)
WRITE(DESC(2),1008) (RDESC(Js2+I)9sJ=1,20)
CALL BFORMT(2,CUC1+1+1,I)+PAGEsDESC,2)
210 CONTINUE
sToP
END
Commmommn e e o e o o
C COMPUTE RATIO OF INFINITE-WINTH WINDOW ILLUMINANCE TO
C B0'-WIDE WINNOMW ILLUMINANCE
CY -~ Y-DISTANCE 10 WINDOW
c

FUNCTION RATIO(Y)

SQYZ = SQART(YXY + 100.)

E20 = (ATAN(40./Y) - (Y/SQYZ)XATAN(40./5QYZ)) / 3.14159
RATIOD = (,5 % (1.~ Y/8QY2)) / E80

RETURN




THIS ROUTINE PRINTS OUT A °BASIC FORMAT"™ DAYLIGHT CU TABLE
CU - TABLE OF CU’S TO RBE PRINTED

DESC ~ N LINES OF DESCRIPTION 10 BE CENTERED AT TOP

PAGE ~ PAGE # TO BE PRINTED

LU - OUTPUT DEVICE LOGICAL UNIT %

SUBROUTINE BFORMT(LU»CUYPAGE»DESCsN)
REAL CU(S,8¢7)
CHARACTER FAGEX20sDESC(N)XBOLINEX80,DH(7)%2,CH2%2

DATA DH/C 1797 275’ 379’ 4’5’ 6’3’ 89107/

WRITE(LU»1001) PAGE
FORMAT('1//7/37XyA/7/)

O 10 I=1+N
CALL CENTER(RESC(I)sLINE»80)
WRITE(LU,1002) LINE(1:LASNB(LINE,80))
1002 FORMATY(2X1A)
10 CONTTNUE

L)
"
LI R

TOF HEADER INFO

ety - 44

WRITE(LU»1003)
1003 FORMAT(/12X%:59('-")
/12Xs 7| ROOM DEPTH /7 /241Xy 1"
/12Xs’ 1 WINDOW HEIGHT | WINDOW WIDTH / WINDOW HEIGHT
' W/ HI
AV SRERER ) YR BT 30 AN B
/12Xs’1 D / H ZD1I .5 &’
’’ 8 INF I’
/712Xs59¢=") )

S PN TLIA SN

c
C OUTER LOOP ON ROOM DEPTH / WINDOW HEIGHY RATIO
c
BO S0 K=1+7
DD 40 I=1,5
CH2 =’
IF(I.EQ.3) CH2 = DH(K)
WRITE(LU»1004) CH2y 20%I-10y» (NINT(CUCI»JsK)})sJ=1,8)
FORMAT(12Xs 1 ‘PA296X9I397 1/98IS.397 1)
CONTINUE

WRITE(LU»1003)
FORMAT(12Xs59('-'))

CONTINUE
RETURN

C CENTER STRING ‘A’ IN STRING 'B‘
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SUBROUTINE CENTER(AsBsN)
CHARACTER AX¥80,B280

0

10 L+1
A(LIL).EG.” * +AND. L.LT.N) GOTO 10
LASNB(A,N)

(N - (M-L)) 7 2
RCIZI+M-L) = ALLIM)
RETURNM
END

d
B e e e e e e 4
]
:

F

- DX

wonuwe~aun

C COMPUTE ILLUMINANCE AT EACH TARGET POINT

Ak - ORIGINAL FLUX XFER MATRIX

A - MOBIFIED FLUX XFER MATRIX

PUISU - FRACTION OF UPPER WINDOW VISIRLE THRU BLINDS FROM ZONES

FUISL ~ FRACTION OF LOWER WINDOW
TPYIS ~ FRACTION OF WINDOW VISIELE FROM TARGET FTS
GAMMA - BLINDS OPENING ANGLE (NEGATIVE --> NO BLINDS)

EUF - INITIAL E ON 70NES FROM SKY

ELOW - INITIAL £ ON ZONES FROM GROUND
ETP - INITIAL E ON TARGET FTS FROM SKY
Bl ~ EXITANCE OF RBLINDS

KHOB -~ REFLECTANCE CF BLINDS

R ~ RIGHT-HAND SIDE VECTOR

RHO  ~ REFLECTANCE OF ROOM SURFACES

FANS ~ ILLUMINANCE AT TARGET PTS (ANSWERS)

EUNU - XLLUM. ON ZONES FROM UNIFORM UPPER WINDOW

EUNL -~ ILLUM. ON ZONES FROM UNIFORM GROUND (UNIT EXITANCE)

FTPUN - 1LLUM. ON TARGET FTS FROM UNIFORM WINDOW
ZONTP ~ E ON TARGET PTS FROM ROOM SURFACE ZONES

H

OO0 nn

SUBROUTINE COMPE(AAsAyPUISUSPVISL»TPVIS, GAMMASEUP ELOW

& +ETPsBLYRHOBRHO+EANSsPTRASFPTRZ s EUNUSEUNLETPUN»ZONTP)
REAL. AA(6r&) ALy ) 1 PVISUCLIS0) +FVISL(150)» TFVIS(S)EUF(150)
t yELOWCLSO) sETP(S) 9 B(6) sRHO(S) sEC150) yEUNUCLIS0) sETPUN(S)
& JEUNL(1350) .
% sRHS(&E)»EANS(S)sFLUMCS) s ZONTF(150+5) K
INTEGER PTRA(6)sPTRZ(S)
¢ »DEBUG

DATA DEBUG/1/ ;
: 1
C COPY FLUX TRANSFER MATR1X» ANJUSTING ROW 2 FOR EFFECTIVE R
€ REFLECTANCE OF WINDOW-BLINDS :
c .

SING = SIN(GAMMA/S7.2957R) .
c RW = RHOB % SING

RW = ,5 % SING

.....
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IF(GAMMALLY,-0,01) RW = O,
RHO(2) = RW
00 12 J=1,4
no 11 f=1,¢6
1t AllI«J) = AA(ILD)
A(2+J) = ARLZsJ) X RV
12 CONTINUE
A(2,2) = -1,
RHS(2) = 0.

T~
AR

PPN

.
_J
1
:
3

O Sl N
RN Y]
PRI

NG § FRNY

S

~ C
:ﬁ C COMFUTE AVG INITIAL £ ON ROOM SURFACES
< c

DO 16 1=146
IF(1.EQ.2) GOTO 16
e B(I) = 0,
N DO 14 J=PTRA(I)s»PTRZ(I)
: E(J) = EUP(J) % PVISU(J) + FELOW(J) % PVISL(J)
o £+ EUNUCJ) X BL X (1.,-PVISUCS)) + EUNLC(J) % BL ¥ (1.,-PVISL(J))
B(I) = B(I) + E(J)
14 CONTINUE
.} BCI) = B(1) / (PTRZ(I)-PTRA(I)+1)
‘-5 RHS(I) = -RHO(I) X% B(I)
4
!

N - § WIS

16 CONTINUE

c
C SOLVE THE FLUX TRANSFER MATRIXs THEN ADJUST FINAI. ZONE EXITANCES
c

- CALL GJORDN(AsRHS»FILUMs6)

s DO 20 I=1,6

o IF(I.EQ.2) GOTO 20

DO 18 J=PTRA(I)sPTRZ(I)

E(J) = RHOCI) X% (ECJ) + FLUMC(I)/RHOCY) -B(I))
18 CONTINUE
20 CONTINUE

ADD THE ZONE CONTRIBUTIONS TO THE TARGEY PT ILLUMINANCES

.‘
‘A
Qo

DO 25 K=1+5
; EANS(K) = ETP(K)RTFVIS(K) + ETPUN(K)B(FLUM(2) +BLX(1,~TPVIS(K)))
-4 DO 23 J=PTRA(1)sPTRZ(6)
4 23 EANS(K) = EANS(K) + ZONTP(JsK) & E(D)
¥ 25 CONTINUE

RETURN
END

-:‘
<
=3
A
~

>
‘a

.
atala

C OF THE S1MPSON INTEGRAND .
C (Xs¥sZ) - POINT ON NORTH WALL (=WINDDW WALL) “
c D - DISTANCE TO (X»YsZ)

C 1ISURF - SURFACE & (1=WEST WALL, ETC.)

y C RETURN THE (CUS THETA / (PI X DXXx2) ) FACTOR FOR FORMATION
4
-~
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FUNCTION COSD2(X»Y»ZsDsISURF)
GOTO (10,20,10+20550,50)» ISURF

WEST OR EAST NALL

[ IRl o]

10 CONTINUE
COSD2 = ARS(X) ¥ Y / (DRDEDXD % 3.1415%)

RETURN

SOUTH WALL

000

20 CONTINUE
COSD2 = Y X Y / (DXDEDXD X 3.14159)
RETURN

¢ CEILING / FLDOR

S0 CONTINUE

£osh2 = 2 x Y / (LXDXD%D X 3.14159)

RETURN

END
Lo rrcrcr e e e —————————
C COMPUTE NORMAL IJLLUMINANCE ON TOP OF HOURIZ. BLINDS DUE
C 70 THE GROUND
(¥

FUNCTION EYG(L»SINGs»COSG)
REAL L
ETG = 0,
IF(SING.L.T.0,01) RETURN
Y1 = COSG/SING
S0Y1 = SORT(1.+ Y1%Y1)
ET6 = .5 x L ¥ (SING/SGY1 - COSG%(1.-Y1/50Y1))
RETURN
END
c
C COMPUTE NORMAL ILLUMINANCE ON TOP OF HORIZ., BLINDS DUE
C TO THE UNIFORM SKY
c
FUNCTION FTS(L»SING,»COSG)
REAL L
2 = 10.,%%x8,
IF(C0SG.6T.0.,01) Z = (1.-,S792SING) / (.575%C086)
SQZ = SORT(1.+ Z%Z)
ETS = ,5 & L ¥ (SING$Z/SQZ + C0SGx(1.-1./802))

RETURN
END

C COMPUTE NORMAL ILLUMINANCE ON UNDERSIDE OF HORIZ., BLINDS

Y T Y S R - S U T L I L R )
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SORIATE
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DUE TO THE GROUND
SINGsCOSG - SINE,COSINE OF RLINDS TILT ANGLE

10

18

20

- EXITANCE OF GROUND

FUNCTION EUG(L»SINGsCOSG)

REAL L

Y1 = ,575 % COSG / (1.+ 575¥SING)

Y2 = 10.%%8,

IF(SING,GT.0,01) Y2 = COSG / SING

SQY1 = SORT(1, + Y1xY1)

SAY2 = SORY(1. + Y2%Y2)

EUG = 0,5 % L % ( COSGX(Y2/50Y2 - Y1/5QY1)
- SING % (1,/5QY1 - 1,/8QY2))

RETURN

END

e v e e B - T A R . " . e Sl S R 0 B e S W Sk e e s S e T e W . - =R o= ma wm s

€ COMPUTE THE FLUX TRANSFER MATRIX

SUBROUTINE FTMATR(ROONMD,A)
REAL ROOMD(I)sA(626)RHOC(S)
DATA RHO/.S!IQ)QS! 05! 029 03/

A{1s2) = PERFF(ROOMD(1),RO0OMD(3) »ROOND(Z))
A(1+5) = PERFF(ROOMU(1),ROOMD(2) sROOND(I))
A1) = 1, - 2.% (A(1,2) + A(1,5)?

A(2s1) = (ROOMD(2) / ROOMR(1)) % A(1+2)
A(2:5) = PERFF(ROOMD(2),ROOMD(1),»ROOMD(3))
Al2+4) = 1, - 2, X (A(2:1) + A(245))
AlL1+4) = A(1,2)

Ally8) = ACL1»Y)

A(2+3) = A(2»1)

A(2+8) = A(2)5)

A(Ss1) = (ROOMR(3)/ROOMR(I)) x A(1,%)
A(S5»2) = (ROOMD(3)/ROOMD(2)) X A(2+35)
A(Sy3) = A(Sy1)

Al{S5,4) = A(5+2)

A(Sy8) =1, - 2. % (A(S»1) + A(S+2))

DO 10 J=1,6

Alrd) = A(lsJ)

At4ryJ) = A(2H» )

ACbr)) = A(SsD)

Al3rl) = A(L1,D)

A(4,2) = A(2+4)

AC61S) = A(S8)

DO 20 I=1+6

DO 18 J=1,4

A(I»J) = A(I»J) % RHOCI)

AlI«I) = -1,

CONTINUE

--------------- oot "
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RETURN
END

g -

14

C FORM FACTOR FOR 2 PERFENUICULAR ADRJACENT SURFACES
SOURCE SURFACE IN Y-Z PLANE,

c
c

e e mmoe = e e e e e e e
€ SOLVE THE MATRIX EQUATION
{A IS DIAGONALLY DOMINANT)

c
c

10

15

146

Y
&

%

3
]

FUNCTION PERFF(XsY»Z)

RECEIVING SURFACE IN X-Y PLANE

o5 X Y2 X LOGULY24X2) /YD)

X2 =X xX
Y2 =Y %Y
2=2%1
TZ = .25 % (-Z2%L06G(Z2) + I2)
TX = 23 % (-X2%.06G(X2) + X2)
TY = 25 % (-Y23L06(Y2) +Y2)
TXZ = .25 % (-{X
TYZ = Y ¥ Z % ATANCY/Z) +
o253 X (Y2422)XL06GC(Y2422) +
TXY = ¥ %X X % ATAN(Y/X) ¢
=25 X (Y2EX2)XLOGCY24X2) +
SOXZ = SORT(X24Z2)
TXYZ = Y ¥ SGXZ ¥ ATAN(Y/SQXZ)

LDGCCX24Y24Z2)/7Y2) - .28 % (X2+4Y2472) % LOG(X24Y24Z2)

+ .25 % (X24Y2472)

PERFF = 2.K(TX + TY + TZ 4 TXYZ) - 2.K(TXZ4TYZH1XY)

PERFF = -PERFF / (Y%X1%46,2831853)

RETURN
END

SURRQUTINE GJORDN(A»BsXsN)
REAL A(618)9sX(6)9B(S)

DO 10 I=1,N

X{I) = B(I)

DO 2% T=1,N

R=1. 7 A1)

DO 12 J=1,N

Al(I»J) = A(LIsJ) X R
X(I) = X(I) ¢ R

RO 18 K=1yN

IF(K.EQ.I) GOTO 16

0 = A(KsID)

DO 15 J=1,N

AlKy ) = A(K»J) - GRACINJ)
X{K) = X(K) - Q&X{I)
CONTINUE

CONTINUE

RETURN

AX

=B

24Z2)X.0C(X2422) + (X2+722))
5 X Y2 X LOG((Y2422)/Y2)

W25 % (Y24TD)

25 X (Y24X2)

+ .5 X Y2 %

BT oo . s
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3 C FIND LAST NON-BLANK IN STRING 'S’ ]
3 c :
% FUNCTION LASNB(SsN) R
5 CHARACTER S%80 4
- C .Eh
" LASNB = N 4 1 »
o 10 LASHB = LASNE - 1 -
- IF(S(LASNBILASNR) .EQ.’ ‘ ,AND. LASNB.GT.1) GOTO 10 ;
28 RETURN ;
=3 END :
A S e e e e e e B
i C COMPUTE ILLUMINANCE FROM THE WINDOW TO A POINT IN THE ROOM 3
P C (X1»)X2) - X-LIMITS OF WINDOW

v C (21,22) - Z-LINITS OF WINDOW

v C ISURF - SURFACE POINT LIES ON

- C ISKY -~ (1-7) IDENTIFIES SKY BRIGHTNESS DISTRIBUTION

Ja C ITAU - 0 = IGNORE LOSSES DUE TO ANCLE OF INCIDENCE o
4 c 1 = ACCOUNT FNR SUCH LUSSES |
ot C ATAU - TRANSMISSION LOSS DUE TO ANGLE OF INCILENCE i
~ c
- FUNCTION RILLUM(X19X2+Z15Z2sYsISURFISKYsITAUsATAU) b
! INCLUDE ‘CSIMP,NAV' 3
: c

o C PARTITION WINDOW FOR SIMPSON INTEGRATION >
3. c )
3 - ISIZE = 0.2 % Y g
3 NX = 1 + MINI(199.).9998(X2-X1)/ZSIZE) y
: N2 = 1 + MIN1(49,,.999%(22-21)/2S1ZE) )

NX = NX + MOD(NX»2)
NZ = NZ + MOD(NZ,2) i

\J C -
:j C COMPUTE TABULATED VALUES FOR SIMPSON INTEGRATION :
> c

> ATAU = 0, :
b TAU = 1, 4

RO 15 I=1,NZ+1 S
Z = (I-1) ¥ (Z2-21) / NZ + 11 g
DO 135 J=1,NX#1
X = 7J-1) & (X2-X1) /7 NX + X1 R
D = SORT(X$X + YXY + I32) S
CTH = COSD2(Xs»Y»Z»Dy ISURF)
IF(TITAU.EQ.1) TAU = TLOSS(Xs»YsZ»D)
FS(IsJ) = CTH & TAU ¥ SKYBR(ISKYsX»YsZsD})
ATAll = ATAU + TAU
15 CONTINUE
ATAU = ATAU /7 ((NX+1)¥(NZt1))

c
C PERFORM SIMPSON INTEGRATION
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RILLUM = SIMP2(X2-X1+22-Z1,NXsNZ)
RETURN
END
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EVALUATE A 2-DIMENSIONAL INTEGRAL BY SIMNPSON’S RULE
BX - X-DISTANCE SPANNED BY COLUMNS

DY - Y-DISTANCE SPANNED BY ROWS

NX - $ X INTERVALS (EVEN)

NY
F

= & Y INTERVALS (EVEN)
- FUNCTION VALUES

FUNCTION SIMPZ(IXsDYsNX»NY)
REAL R{51)
INCLUDE ‘CSINF.NAV’

INTEGRATE EACH ROW

35

38

RO 25 I=1,NY#1
R(IY = FS(I»1) + FS(IsNX+1)

DO 23 J=29)NX»2
RCI) = R(I) + 4.% FS(I,J)

B0 21 J=39NX-1,2
R{(1IY = R{IY + 2.% FS(I:0)
CONTINUE

INTEGRATE THE INTEGRATED ROWS

SINP2 = R(1) + R(NY+1)
DO 35 I=2sNY,2
SINP2 = SINP2 + 4.k R(I)

BO 28 I=3sNY-1,2

SIMP2 = SINP2 ¢+ 2.% R(I)

SINP2 = SIMP2 X DX % DY / (9.ENXENY)
RETURN

END

RETURN SKY BRIGHTNESS EVIDENT AT POINT (XsY»Z) ON WINDOW
WHICH IS IN X-Z PLANE

D
1

= DISTANCE TD (X»Yy2)
- SKY DISTRIBUTION (1 --> VW/H = 0,75 ETC,)

ZENITH LUMINANCE IS ASSUMED = 1

FUNCTION SKYBR(IsXsYsZo1))
REAL C(5)»DENOM(S)

DATA C/049009-469~0260-413/+ DENOM/0.1043445119),22895,.1219/

TN MR e v A Nk S R S A G G P ST M W D A T R N e . 4 e O S e D - e - A o b = o R = -




Fal,

PR X

:.“

g 4

y iyt byt
O A R B S

et

TR

b ] e

3

SN

p

AR

5 ARRK

e
Xy

A

N AT

GOTO (10+20+30+30+30560270)s1

V/H = 0,75 (OVERCAST SKY)

(g By N

10 CONTINUE
SKYBR = 0,301

Ir(Z.67,0,05) SKYBR = .301 + 1,273 % EXP(-.,8%N/2)
RETURN

V/B = 1,00 (UNIFORK SKY)

> NeNel

20 CONTINUE
SKYBR = 1.
RETURN

U/H = 1,25y 1,502 1,75 (PARTLY CLOUDY YO CLEAR SKIES)

OO0

30 CONTINUE
TERN = 1.,
IF(Z.67.0.05) TERM = 1. - EXP(C(I)¥D/2)
SKYBR = TERM / DENODM(I)
RETURN

TRADITIONAL OVERCAST SKY -- L = (LZ/3) % (1 + 2 SIN H)

(g BN o]

60 CONTINUE
SKYBR = (1. + 2.%2/D) / 3.
RETURN

LATERALLY UNIFORM CLEAR SKY -- L = 3 LZ / (1 + 2 SIN H)

[ Mo B ]

70 CONTINUE
SKYBR = 3./ (1. ¢+ 2.X2/D)
RETURN
END
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FOR A GIVEN BLINDS ANGLE SEVYTING, DETERMINE THE PROPORTION OF
SKY VISIBLE AT EACH POINT IN THE ROOM

SUBROUTINE SKYVIS(ROOMD/NDIV,PTRA»PTRZsPVISL»PVISU»TPVIS
$ +BLTYPEGANMASPVISUN,PVISTO,TPVISU, TPVIST)

REAL ROOMD(3),PVISU(150)»PVISL(150)TPVIS(S)
t +PVISUN(150),PVISTO(150) s TPVISU(S) o TPVIST(S)

INTEGER NDRIV(3)sFTYRA(S)»PTRZ{A)sBLTYPE

SING = SINCGAMMA/57.29578&)
CNSG = COS(GAMMA/S57.29578)
TANG = SING / COSG

IF(BLTYPE.EQ.2) GOTO 35
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o000

no 15
YP =
FU =
Qv =
im
72
VTo0
U2
VUN
RATIN
Do 14

INC =

FVISUN(FTRA(S)+INC)
PVISUN(PTRA(S) +INC)
FVISTO(PTRA(S)IHINC)
PVISTO(FTRA(S)+INC)
FUISU(PTRA(S)+INC)
FVUISL(PTRA(S) +INC)
PVISL(PTRA(6)+INC)
14 FPVISUCPTRA(S)+INC)

S - 18

HORIZONTAL. BLINDS -- START WITH FLOOR + CEILING
fV = FLOOR Qv = CETLING

I=1+NRIV(2)

(I-.5) x ROOMD(2) / NDIV(2)
VISIRL (ROOMR(2}-YF»0.,»ROOMD(3) »SING»COSG, TANG)
VISIBL(ROOMD(2)-YP, -RUOMD(3)s0.,»SING»COSG» TANG)

~-ROOMD(3)
AMAX1(ZT1s-(ROOMB(2)-YF)XTANG)
VISIRL(ROOMD(2)-YP+2T1+ZT2+SINGsCOSGy TANG)
0.
VISIBL(ROOMD(2)~-YP,ZT25ZU2ySING»COSGs TANG)
= TSRAT(ZT2,ZT1,ROOMD(2)-YF)
J=1sNDIV(1)
(J-1)ENDIV(2) -1

1.~ FV

(1.,-VUN) % (ZU2-ZT72) / ROOMD(D)

0.

(1,-VT0) x (ZT2-Z71) % RATIO / ROOMD(3)
FV
0.
Qv
0.

Hou N -

15 CONTINUE

c
C NEXT» THE
c
Do 20
p =
PV =
Qv =
11
12
vT0
Zu2
VUN
RATID
Do 19

SOUTH WALL

I=1,NDIV(3)

(I-.5) %X RODMD(3) / NDIV(3)
VISIBL (ROOMD(2) 0. »ROOND(3)-ZP»SINGs»COSGy» TANG)
VISIBL(ROOMD(2)+-ZFP+0,sSING,»COSG»TANG)

-IF

AMAX1(ZT1,-ROOMD(2)XTANG)
VISIBL(ROOMN(2) »ZTL+ZT2+SING»LUSG» TANG)
ROOMD(3)-1IP

VISIBL (ROOMD(2) s ZT2,ZU2»SING»COSGy TANG)
= TSRAT(ZT2,TT1,ROOMD(2})

J=1yND1V(1)

L = PTRA(4) 1+ 1 -1 + (J-1)ENDIV(D)

PVISTO(L)
PVISUN(L)

(1.-VT0) % (Z72-ZT1) % RATIQ / ROOMD(I)
(1.-VUN) X (ZU2-ZT2) / ROOMD(I)

PVISL(L) = QV & ZP / ROOMD(3)
= P

19 PVUTSUL(L)

V % (ROOMD(3)-ZP) / ROOMO(3)

20 CONTINUE

c

C EAST AND WEST WALLS

c

L =-1

Do 2%

I=1,NRTV(2)
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5 ]
: S - 19
5 :i
L -
5 ]
X! E
{“ YP = (X-.5) % ROOMD(2) / NDIV(2) ]
" DO 24 J=1,NDIV(3) .
o3 ZP = (J-.5) % ROOND(3) / NOIV(3) 1
i PY = VISIBL(ROOMD(Z)-YFy(. ROOMD(3)-ZP»SING»COSGs TANG)
qg QY = VISIBL(ROOMD(2)-YP»-ZP»+0.,sSINGs»COSG, TANG) ,
- 71 = -IP 3
272 = AMAX1(2T1y-(ROOMD(2)-YP)XTANG) -
™ UTD = VISIBL(ROOMD(2)-YPsZT1+Z72+SING»COSG) TANG) B
v ZU2 = ROOMD(3)-ZP :
R VUN = VISIBL{ROOMD(2)-YP»ZT2,ZU2,SING,COSGs TANG)
2 RATIO = TSRAT(ZT2,2T1,ROOMD(2)-YP) R
=X L=1+1 ]
. PUISTO(PTRAC1)4L) = (1,-VTO) % (2T2-ZT1) % RATIO / ROOMD(3) ;
p PUISTO(PTRA(3)4#L) = PVISTO(PTRA(1)+L) "
b2l PUISUN(FTRACLII4L) = (1.-VUN} % (ZU2-ZT2) / ROOMD(3) .
! PUISUN(PTRA(3) L) = PVISUN(PTRA(1)+L) N
» PVISL(PTRAC1)$L) = QV % ZF / ROOMD(3) g
i PUISL(PTRA(IIHL) = QV X ZP / RDOMD(3) ]
- PUISUCPTRACIIHL) = PV % (ROOMD(3)-ZP) / ROOMD(3)
P 24 PVYISU(PTRA(3)HL) = PV X (RDOMD(3)-ZP) / ROOMD(3) 5
< 25 CONTINUE ;
c ]
iq g FINALLY THE TARGET POINTS :
- DO 30 I=1,5 é
. TPVIS(I) = VISIRL((.2%I-.1)XROOMD(2)»0,,RO0MN(3),SING, COSG TANG) p
¥ TPVIST(I) = 0, ]
. 30 TPVISW(I) = 1. - TPVIS(I) 2
GOTH 40 i
c 4
. C VERTICAL BLINDS -- FLOOR AND CEILING FIRST -
" c ,
]l 35 CONTINUE ;
f} L=-1 :
} DO 40 J=1,NDIV(1) :

e XP = (J-.,5) % ROOND(1) / NDIV(1)
ban DO 3% I=1,NDIV(2)
YP = (I-.5) % ROOMO(2) / NDIV(2)

- PV = VISIBL(ROOND(2)-YPyXP-ROOMDB(1)+XP+SING»COSGy TANG) ;
L 271 = XP - ROOND(1) :
" 272 = AMAX1(ZT1y-(ROOND(2)-YP)2TANG) :
b VTO = VISIBL(ROOND(2)-YP,ZT1,272ySINGsCOSGs TANG)

- U2 = XP

; VUN = VISIBL(ROOMD(2)-YPyZT2,ZU2sSING»COSG) TANG) :
{ RATIO = TSRAT(ZT2,ZT1,RO0MD(2)-YP) -
y L=L+1 :
‘?3 PVISTO(PTRA(5)L) = (1,-VT0) % (2T2-ZT1) & RATIO / ROOMD(1) :
% PYISTO(PTRA(S)#L) = PVISTO(PTRA(S) L) :
pas PVISUN(PTRA(S)4L) = (1,-VUN) & (ZU2-212) / ROOND(1)

- PVISUN(PTRACS)4L) = PVISUN(PTRA(S)+L)

e
¥,
:
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- ;
b PVISU(PTRA(S)+L) = PV ;
- FVISUCFTRA(S)I$L) = O,
g PVISL(PTRA(SIHL) = O,
,gﬁ 39 PUISL(PIRA(&)HL) = PV
jss 40 CONTINUE
i ¢

7 C SOUTH MALL

) c
L= -1

v DO 45 J=1,NDIV(1)
] XP = (J-.5) % ROOND(1) / NDIV(1)
A PV = VISIBL(ROOMD(2)»XP-RODMD(1) s XP»SING» COSG s TANG)
i ZTt = XP - ROOND(1)

" 272 = AMAX1(ZT1,-ROOMD(2)2TANG)
iR YTO = VISTBL(ROOMD(2)»2T1+ZT2,SINGsCOSGs TANG)

T U2 = XP : -
1 VUN = VISIBL(ROOMD(2),ZT252U2,SING,COSGs TANG)

' RATIO = TSRAT(ZT2,2T1,RO0ND(2))

DO 44 I=1,NDIV(3)

g L=Lt1
¥ ZF = (1-.5)% ROOMD(3) / NBIV(3)
K PVISTO(PTRACA)I+L) = (1.-VTD) % (ZT2-ZT1) % RATID / ROOMD(1)
N PVISUN(PTRAC4)4L) = (1.-VUN) & (ZU2-2T2) / ROOMD(1)

_ V % ZP / ROOMD(3)

< PVISL(PTRA(4)4+L) = P
Rt 44 PVISUCPTRAC4)4L) = PV % (RODMD(3)-ZP) / ROOMD(3)
, 45 CONTINUE

Y “‘ c

C WEST» EAST WALLS (PV = MEST WALL, @V = EAST WALL)
c

Yy L= -1
e B0 50 J=1,NRIV(2)
YP = (J-.,5) % ROOMD(2) / NDIV(2)

= PV = VISIRL(ROOMD(2)-YPs-ROOMD(1) 0. SING»COSGs TANG) ;
- @V = VISIBL(ROOMB(2)-YPs0.,ROOND(1)sSINGsCOSG» TANG) :
e ZTiW = -ROOMD(1) :
1 ZT2W = AMAX1(ZTiW)-(ROOMD(2)-YP)XTANG) 4
-~ VTHEST = VISIBL(ROOND(2)-YP,ZT1¥W:ZT2WsSINGsCOSGs TANG)

" RATIO = TSRAT(ZT2W,ZT1¥,ROOMD(2)-YF)
i Zu2¥ = 0.
-1 VUWEST = VISIBL(ROOMD(2)-YPyZT2MsZU2WsSTNGsCOSGs TANG)

2 VUEAST = VISIBL(ROOMD(2)-YPs0, ROOND(1)+SING»COSG) TANG)
o DO 49 I=1,NBIV(3)
X L=L¢1

. PVISTO(PTRA(1)4L) = 71,-VYMEST) & (ZT2W-2TiV) & RATIO / RUOMD(1)

2y PVISUN(PTRA(1)#L) = (1,-VUNEST) % (ZU2W-ZT2W) / ROOMD(1)
xj PVISTO(PTRA(3)+L) = O,
£ PVISUNCPTRA(3)+L) = 1. - VUEAST
ﬁﬁ FVISU(PTRA(1)4L) = PV & (ROOMR(3)-2ZP) / ROOMD(3)
o~ PVISUCPTRA(3)$L) = QU % (ROOMD(3)-ZP) / ROOMD(3)

PVISL(PTRA(1)4L) = PV % ZP / ROOMD(3)
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49 PVISL{(PTRA(I)+L) = QV X ZF / ROOND(3)
50 CONTINUE
C
C FINALLYs THE TARGET POINTS
c
DO 53 I=1,35
Y = (,2%I - 1) X ROOND(2)
TPVIS(I) = VISIBL(Yy-.SRROOMD(1),.SXROOMD(1)»SING,COSG» TANG)
PAD -+S¥ROOMD(1) -
IT2 = AMAX1(ZT1»-YXTANG) 2
VTD = VISIBL(YsZT1,272,SING,COSGsTANG)
Zu2 +SXROOMD(1) -1
VUN = VISIRL(Y,»ZT2,ZU2Z,SING»COSG»TANG) ad
TPVIST(I) (1.-VT0) % (ZT2-271) / ROOMD(1) ;‘
TPVISU(I) (1.-VUN) % (ZU2-2T2) /7 ROOMR(1) a
35 CONTINUE

N n nn

COMPLEMENT THE TOPSIDE-UNDERSIDE PERCENTAGES

o000

60 CONTINUE
DO 62 I=PTRA{1)sPTIRZ(6)
PVISUNCI) = 1.~ PVISUNCID
PVUISTO(I) = 1,- PVISTO(D)
62 CONTINUE

c
DO 44 1=1,5
TPVIST(I) = 1.- TPVIST(D)
64 TPVISUCI) = 1.- TPVISU(D)
RETURN
END
c ____________________________________________________________________
C FORN RATIO USED TO ACCOUNT FOR THE FACT THAT TOPSIDE OF
C BLINDS ARE ONLY VISIBLE SOME DISTANCE AWAY
c

FUNCTION TSRAT(X1sX2+2)

TSRAT = 0.

El = 2./ - 2./80RT(X1%X117%X2Z)

E2 = 2,/7 - 2./SORT(X2%X2+23%2)
IF(E2.6T.0.001) TSRAT = (E2-E1) /7 E2
RETURN

END

C RETURN FORM FACTORS, INITIAL ILLUMINANCE FROM SUN ON BLINDS
C SING,COSG - SINEs, COSINE OF BLINDS OPENING ANGLE

C TANA -~ TANGENT OF PROFILE ANGLE

c

SUBROUTINE SOLFF(SING»COSG:»TANAIE1,E2,F12,F13
t F21,F31,FC)

F13 = 0,

F31 = 0,




A3 = 1,15 - 1./ (COSGETANA + SING)

raa A |
> {
o ]
\J 5 - 22 —
N x
i ®
2 -
5 .:'_ji
B F21 = F12 -
X = 1. ~ 1,15 K(SING + COSGXTANA) ®

',; £1 =0, e
2 2= FC /1.5 =
o IF(X.6T.0,) E2 = FC ¥ (1,-X) / 1,15 -]
K IF(X.6T.0.) RETURN -
o X 4’

750 = COSG x COS6

Ul = SING =

U2 = U1 + A3 o

F13 = ,43478 & (SORT(U2XU24Z50) "
$ -SORT(U1RU1+Z80) -SORT((1,15-U2)¥%2 +Z5Q) ~

$  + SORT((1.15-U1)$%2 + 78Q)) :d

¢ >
ut = u2 g
U2 = SING + 1.15 -3
F12 = .43478 & (SURT(U2RU24ZSQ) - SGRT(U1XU14ZSQ) 1

: -SORT((1,15-U2)%32 +ZSQ) + SURT((1.15-U1)8%2 + ZS@)) 3
IF(A3.6T,0,001) F31 = F13 / A3 «

F21 = F17 % 1,15 /7 (1.15-A3) -

= FC / (1,15-4A3) .

RETURN o
Ce e e ]
C FUNCTION SIVES LOSSES DUE TO INCIDENT ANGLE ON GLAZED .

C WINDOW. FORMULA IS FROM RIVERD, AS GIVEN RY BRYAN .
C (JIES, JULY 1981, PP, 219-227) ]

C  X)¥sZ - LOCATION OF PT ON WINDOM» RELATIVE TO TARGET FT :

c D - DISTANCE FROM TARGET PT TD PT ON WINDOW .
c %
FUNCTION TLOSS(X»Y+Z+D) -1

TLOSS = 1.018 ¥ (Y/D) X (1.+ ( (XSX$Z$Z)2%1.5 ) / (DXDXD) ) "3

RETURN 4

END ]

c.. . ve - - s e = e 4 i 53 S " " " - o - " T " . = T o - o "

C RETURN PROPORTION OF OUTSIDE SKY VISIBLE THRU BLINDS -
, C Y - DISTANCE FROM WINDOW TO TARGET PT ]
& C 21,22 - Z-SPAN OF MINDOW -
2 C- SING,COSG»TANG - SINE,COSINE,TANGENT OF BLINDS OPENING ANGLE o
x c
E FUNCTION VISIBL(Y»Z1,Z2,S1NG»COSGs TANG) 4
o X1 = -Y £ ¢ (1, + 1.15 % SING) / (1,15 % COSG) ) A
P X2 = Y & ¢ (1. - 1,15 % SING) / (1,15 % COSG) ) ~3
VISIBL = 0, %
{ IF(21,GEsX2 JOR, Z2.LE.X1 ,OR., Z2.,LE.Z1) RETURN ]
. X0 = -Y % TANG R
2 X1 = AMAX1(Z1,X1) 4
" X2 = ANIN1(Z2,X2) Y

X0 = AMAX1(X1,AMINL(X0sX2)) :
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VISIBL = (X2 - X1 + L. 15¥SING X (2.%¥X0 -X1 -X2)
3+ (1,152C086/(2.%Y)) X (2.¥X0XX0 -X1%X1 -X2%X2) )
4 /7 (I12-11)

RETURN

END

MON FOR SIMFSON INTEGRAND» LAREL STORAGE

COMMON /CSINMP/ FS(G1,201)
REAL RDESC(2052»58)
EQUIVALENCE (FSsRDESC)

W e e R i e e e e e e e ee Gt e e . s e e W R . A . e = e . o . —  —— o _

S PROGRAM COMFUTES TABLES OF MULTIFLIERS FOR EACH BLINDS

ANGLE

SOLAR COMFONENT

I»JsKsL) ~ CU VALUE FOR FROFILE ANGLE I» REFLECTANCE J»
RLINDS ANGLE K» SIDE OF BRLINDS L

RHOE - RILLINRS REFLECTANCE
PROFA - PROFILE ANGLE

BLI

c
c

c

c

c

c

c

C cu
c

c

c

c

C FF

c

SO0

QOO0

o000

NDA - BLINDS ANGLE
~ FORM FACTORS FOR EACH BLINDS ANGLE

FROGRAM SUNMUL
REAL CU(6s59492)sRHOR(S) s PROFA(S) s BLINDACS) sFF(6) oLl 2513
CHARACTER NAMEX16

DATA RHOB/o1543945947909/y PROFAZ/04915.930.0045.980.975./
% JRLINDA/0.s154930.945,960.475./
% +FF/.45565.4445,,4114,,3572,,2835+,1953/

OUTER LOOP ON BLINDS ANGLES

DO 100 K=1+6
SING = SIN(RLINDACK)/S57.2y578)
COS6G = COS(BLINDA(K)/57.29575)

NEXT LOOF ON PROFILE ANGLES -~ GEY INITIAL ILLUM., FORM FACTURS

DO 90 J=1:6

TANA = TAN(PROFA(J)/57.29578)

FCLOST = TLOSS(0.s1,sTANAsSQRT(1,+TANAXTANA))

F12 = FF(K)

CALl. SOLFF(SINGsCOSG»TANAYEL1 E2sF12+F139F219F31+2000.%FCLOST)

SAVE WIDTH OF BRIGHT STRIF ON TOPSIDE (SURFACE 2)

STRIP = 1.15




.............

S - 24

IF(JXK.NE.1) STRIP = 1. / (COSGXTANA + SING)
STRIP = ANAX1(0,»AMIN1(1.15,5TRIF))

C
C LOOF ON REFLECTANCES» COMPUTE FINAL EXITANCES
€

DO B0 I=1,5

R = RHOB(I)

DENOM = 1, ~ RXR¥{F13%F31 + F12%F21)
L1 = R ¥ (E1 + R¥F12%E2) / DENOM
L2 = R ¥ (E2 + RXEJXF21 - RXRXE2%XF13%F31) / DENOM

L3 RXK X (E1XF31 + RXEZIF12%F31) / DENOM
CULJ»IsNs1) = L1
CUCJyIsK»2) = (STRIPEL2 + (1,15-STRIP)SL3) / 1.1%5

80 CONTINUE
90 (CONTINUE
100 CONTINUE
C
¢ PRINT THE RESULTS
c
FRINT 1001
1001 FORMAT(/’ -ENTER OUTFUT FILE NAME:’)
ACCEPT 1002sNAME
1002 FORMAT(R)
OPEN(UNIT=2»FILE=NANE»STATUS="UNKNOWN')
C
DO 120 M=1s2
WRITE(25,1003)
1003 FORMAT(’1°//29%X»'SOLAR BLINDS MULTIFLIERS’)
IF(M.EQ.1) URITE(2+,1004)
1004 FORMAT(/21X’~-- UNBERSIDE, SURFACE HIDDEN FROM SUN --')
IF(M.EQ.2) WRITE(2,10035)
1005 FORMAT(/23X‘-- TOPSIDE, SURFACE EXFOSED TO SUN --7)
DO 110 K=1,5,2
MRITE(2,1006) NINT(BLINDA(K)))NINT(RLINDA(K$1))
§ Sy (NINT(PROFACI) ) s (NINT(CUCI s JsKoe¥)) 9 J=1»5)
§ S (NINTC(CUC(I» JrK+1sM) )9 d=1+5)91=1+4)
1006 FORMAT(///18X'BLINDS ANGLE = “»I3s’ DEG 11’
2 » BLINDS ANGLE = '»I3»* DEG’
g /8X |-~ 179260 =)0’ V179260 =)y 1"
$ /8X"1 SOLAR “»2(71 BLINDS REFLECTANCE 1)
£ /78X IPROFILEL 928X 117 926X0° 1"
$ /8X71 ANGLE “»2¢’1 107 30X 50X 70X 90% 1)
%
t

/18X | ~==mom /o260 =39 1179260 =)0}’
/(BXs 1 IS0 181854307 1195153’ 1))
WRITE(2+1007)
1007 FORMAT(BX» ' f~~-==== 17926C =) 1179260 =")s" ")

110 CONTINUE
£20 CONTINUE
STOP
END
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C THIS FROGRAM COMPUTES TABLES OF MULTIPLIERS FOR EACH BLINDS
C ANGLE

SKY COMPONENT ¢ GROUND COMPONENT

CUCIyJsL) - CU VALUE FOR BLINDS ANGLE I, REFLECTANCE Js BLINDS SIDE L
RHOB - BLINDS REFILECTANCE

BLINDA - RLINDS ANGLE

FF - FURM FACTORS FOR EACH BLINDS ANGLE

| ™)

OO0

PROGRAM SKYMUL
REAL CU(69552)» RHOK(S)yRLINDA(S) 9FF(6)9L1sL2
CHARACTER NAMEX14

C
DQTA RHOB/01,03! oElD o7 09/
8 ’BLINDA/O.!!S. 0300 ’450 260, !750/
t »FF/4145561.444%),41145,3572,.2835y,1953/
c
C GUTER LOOF ON RLINDS ANGLES
C .
DO 100 K=1+6
SING = SIN(BLINDA(K)/57.29578)
COSG = COS(BLINDA(K)/S57.29578)
C
C COMPUTE INITIAL ILLUMINANCES
c M
Z2 = (1,-,57588ING) / (.5758C0S6) }
E1 = 0, 3
E2 = 1000.% SING & Z2 / SORT(1.+22%22) ']
g t+ 1000, % COSG ¥ (1, - 1,/SORT(1,+22%22)) :
c
C LOOP ON REFLECTANCESs COMPUTE FINAL EXITANCES i
c p

DO 80 I=1,5
CU(KsTs1) = RHOB(I) ¥ (E1 + RHOB(I)XE28FF(K))
$ / (1. - RHOB(I)XRHOB(I)XFF(K)SFF(K))
CU(K»I+2) = RHOEB(I) % (E2 + RHOB(I)SE1%FF(K))
T/ (1, - RHOB{I)XRHOB(I)SFF(K)SFF(X))
80 CONTINUE
100 CONTINUE
c
C PRINT THE RESULTS
c

3 TGP - W SRR

PRINT 1001

1001 FORMAT(/‘ -ENTER OUTPUT FILE NAME:’)
ACCEPT 1002,NANE

1002 FORMAT(A)
OPEN(UNIT=2,FILE=NAME»STATUS=UNKNOWN )

Aot o1 8 1

c
WRITE(2,1003)
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1003 FORMNAT(’1°////730Xs’SKY BLINDS MULTIPLIERS')
D0 120 M=1,2
IF(M.EQ.1) WRITE(2,1004)
1004 FORMAY(/////721X’~- UNDERSIDEs SURFACE HIDDEN FROM SUN --')
IF(M.EQ.2) WRITE(2,1005)
1005 FORMA1(/////23X’-- TOPSIDEs SURFACE EXFOSED TO SUN --)
WRITE(Zy1008) (NINT(BLINDACL)) s (NINT(CUCIsJoM))s.J=195)s1=1+6)
1006 FORMAT(//18X' |~==~=~~ 172260/ =")s 1’
¢ /18X’ | BLINDS REFLECTANCE 1’
§ /18X’ BLINDSI‘»26X»’1"
t /18X‘) ANGLE 1| 10Z 30X S0% 707 90% |~
§ /18X === 1792607728’ 1"
E /(18X 1 slSs’ 17 eSIS s 17) )
WRITE(2,1007)
1007 FORMAT(IBXy ' |~==-~-- 17926C~*)»'1")
120 CONTINUE

NOW 'O GROUND MULTIPLTERS -- LOOF ON RLINDS ANGLES
D0 200 K=1,6

SING = SIN(BLINDA(K)/57.29578)
€0SG = COS(BLINDA(K)/S57.29578)

GET IMNITIAL Il UMINANCES

Y1 +575 % COSG /7 (1. + 4575 £ SING)

Y2 = 10.%%6.

IF(SING.GT.0.0001) Y2 = COSG / SING

SY2 = SORT(Y2XY2+#1.)

SY1 = SORT(YiXY1+1.)

E1 = 500.% (COSG % (Y2/S5Y2 - Y1/SY1) - SINGX(1./8Y1 - 1./8Y2))
E2 = 500.% (SING/SY2 - COSG¥(1.- Y2/5Y2))

LOOP ON REFLECTANCES

DO 180 I=1+5
CU(KsI»1) = RHOB(I) X (E1 + RHOB(I)XE28FF(K))
t / (1. - RHOB(I)SRHOB(I)XFF(K)SFF(K))
CU(K»192) = RHOB(I) ¥ (E2 + RHOR(I)REL1RFF(K))
t / (1., ~ RHOB(I)XRHOB(T)XFF(K)XFF(K))

180 CONTINUE

200 CONTINUE

PRINT THESE RESULTS

WRITE(2,1008)
1008 FORMAT(’1//////2BX'GROUND BLINDS MULTIPLIERS’)
DO 220 M=1,2
IF(M,EQ.1) WRITE(2,1004)
IF(M.EQ.2) WRITE(2,1003)

Y TR

.....



WRITE(2,1006) (NINTC(BLINDACI)) s (NINTCCUCLsJsM)) s J=1+5)9121+6)
, WRITE(251007)
J 20 CONTINUE
STOP
END
1 ILLUMINANCE FROM SKY -- VU/H = 0.75
NO BLINDS
2 ILLUMINANCE FROM SKY -- V/H
NO BLINDS
3 ILLUMINANCE FROM SKY -- V/H
NO BLINDS
4 ILLUMINANCE FROM SKY -- V/H =
NO BLINDS
S ILLUMINANCE FROM SKY -- VU/H = 1.75
NO BLINDS
6 ILLUMINANCE FROM SKY -- L = LZ X (1 + 2 SINH) /7 3
ND BLINDS
7 ILLUMINANCE FROM SKY -~ L = 3LZ /7 (1 + 2 SIN H)
NO BLINDS
8 TLLUMINANCE FROM GROUND
NO BLINDS
9 ILLUMINANCE FROM SKY -- THRU COMPONENT
HORIZONTAL BLINDS, ANGLE = 0
10 ILLUMINANCE FROM SKY -- TYHRU COMPONENT
HORIZONTAL BLINOS, ANGLE = 15
11 ILLUMINANCE FROM SKY -- THRU COMPONENT
HORIZONTAL BLINDS, ANGLE = 30
12 ILLUMINANCE FROM SKY -- THRU COMPONENT
HORIZONTAL BLINDS» ANGLE = 45
13 ILLUMINANCE FROM SKY -- THRU COMPONENT
HORIZONTAL BLINDS, ANGLE = 40
14 ILLUMINANCE FROM SKY -- THRU COMPONENT
HORIZONTAL BLINDS, ANGLE = 75
15 ILLUMINANCE FROM SKY -- THRU COMPONENT
VERTICAL BLINDS» ANGLE = 0
16 ILLUMINANCE FROM SKY -- THRU COMPONENT
VERTICAL BLINDSs ANGLE = 15
17 ILLUMINANCE FROM SKY -- THRU COMPONENT
VERTICAL BLINDSs ANGLE = 30
18 TLLUMINANCE FROM SKY -- THRU COMPONENT
VERTICAL BLINDS, ANGLE = 45
19 ILLUMINANCE FROM SKY -- THRU COMPONENT
VERTICAL BLINDSs ANGLE = 60
20 ILLUMINANCE FROM SKY -- THRU COMPONENT
VERTICAL BLINDSs ANGLE = 75
1 ILLUNINANCE FROM GROUND -- THRU COMPONENT
HORIZONTAL BLINDS, ANGLE = 0
22 ILLUMINANCE FROM GROUND -~ THRU COMPONENT
HORIZONTAL BLINDS, ANGLE = 1S
23 ILLUMINANCE FROM GROUND -- THRU COMPONENT

1,00 (UNIFORM SKY)

1.25

)
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*
o
o

RIP % LRI
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s - 28
%
£ :
‘ HORIZONTAL BLINDS, ANGLE = 30 :
' 24 ILLUMINANCE FROM GROUND -- THRs COMPONENT =3
;; HORIZONTAL BLINDS, ANGLE = 45 3
< 25 ILLUMINANCE FROM GROUND -- THRU COMPONENT -
) HORIZONTAL BLINDS, ANGLE = 60 %
‘ 26 ILLUNINANCE FROM GROUND -- THRU COMPONENT -
HORIZONTAL BLINDS, ANGLE = 75 o
1 27 ILLUMINANCE FRON GROUND -- THRI) CONPONENT 1
g VERTICAL BLINDS» ANGLE = 0 :
N 28 ILLUMINANCE FROM GROUND -- THRU COMPONENT :
3 VERTICAL BLINDS, ANGLE = 15 k!
- 29 ILLUNINANCE FRON GROUND -- THRU COMPONENT

VERTICAL BLINDS» ANGLE = 30

30 ILLUMINANCE FRUM GROUND -- THRU COMPONENT
VERTICAL BLINDS» ANGLE = 45

31 ILLUMINANCE FROM GROUND -- THRU COMPONENT
VERTICAL BLINDS» ANGLE = 60

32 ILLUMINANCE FROM GROUND -- THRU COMPONENT
VERTICAL BLINDS» ANGLE = 70

33 ILLUMINANCE FROM UNUDERSIDE OF BLINDS (HIDDEN FROM SUN)
HORIZONTAL BLINDSs ANGLE = 0

34 ILLUMINANCE FROM UNDERSIDE OF BLINDS (HIDDEN FROM SUN)
HORIZONTAL BLINDSs ANGLE = 15

35 ILLUMINANCE FROM UNDERSIDE OF BLINDS (HIDDEN FROM SUN)
HORIZONTAL BLINDS» ANGILE = 30

346 ILLUMINANCE FROM UNDERSIDE OF BLINDS (HIDOEN FROM SUN)
HORXZONTAL RLINDSs ANGLE = 4%

37 ILLUMINANCE FROM UNDERSIDE OF BLINDS (HIDDEN FROM SUN)
HORIZONTAL BLINDS, ANGLE = 60

38 ILLUMINANCE FROM UNDERSIDE OF BLINDS (HIDDEN FROM SUN)
HORTZONTAL. RLINDSs ANGLE = 75 !

~ 39 ILLUMINANCE FROM UNDERSIDE OF BLINDS (HIDDEN FRON SUN)

e VERTICAL BLINDS» ANGLE = 0

d 40 ILLUMINANCE FROM UNDERSIDE OF BLINDS (HIDDEN FROM SUN)
VERTICAL BLINDS» ANGLE = 13

41 ILLUMINANCE FROM UNDERSINE OF BLINUS (HIDDEN FROM SUN)
VERTICAL BLINDSs ANGLE = 30

42 ILLUMINANCE FROM UNDERSIDE OF BLINUS (HIDDEN FROM SUN)
VERTICAI. RLINDS,» ANGLE = 435

43 ILLUMINANCE FROM UNDERSIDE OF BLINDS (HIUDDEN FROM SUN)
VEKRTICAL BLINDS» ANGLE = 60

44 ILLUMINANCE FROM UNDERSIOE OF BLINOS (HIDDEN FROM SUN)
VERTICAL RLINDS» ANGLE = 75

45 ILLUNINANCE FROM TOPSIDE OF BLINDS (EXPOSED TO SUN)
HORIZONTAL BLINRS) ANGLE = 0

46 ILLUMINANCE FROM TOPSIDE OF BLINDS (EXPOSED TO SUN)
HORIZONTAL BLINDS, ANGLE = 13

47 TLLUMINANCE FROM TOPSIDE OF BLINDS (EXPOSED TO SUN)
HORIZONTAL BLINDS, ANGLE = 30

48 ILLUMINANCE FROM TOPSTIDE OF BLINDS (EXPOSED TO SUN)
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3 ;
* HORIZONTAL BLINDS, ANGLE = 45 =
. 49 TLLUMINANCE FROM TOFSIDE OF BLINDS (EXPOSED TO SUN) .
5 HORIZONTAL BLINDS, ANGLE = 60 g
) 50 ILLUMINANCE FROM TOPSIDE OF KLINDS (EXPOSED TO SUN) |
3 HORIZONTAL BLINDSs ANGLE = 75 ;
) S1 ILLUMINANCE FROM TOPSIDE OF BLINDS (EXPOSED TO SUN) ;
VERTICAL BLINDS, ANGLE = 0 -
x 52 ILLUNINANCE FROM TOPSIDE OF RLINDS (EXPOSED TO SUN) S
A VERTICAL BLINDS, ANGLE = 15 .
2 53 ILLUNINANCE FROM TOFSIDE OF BLINDS (EXPOSED TO SUN) :
-3 VERTICAL BLINDS, ANGLE = 30 -
3 54 ILLUNINANCE FROM TOPSILE OF BLINDS (EXPOSED TO SUN) :
: VERTICAL BLINDS, ANGLE = 45 “
2 S5 ILLUNINANCE FROM TOPSIDE OF BLINDS (EXPOSED TO SUN) 4
: VERTICAL BLINDS, ANGLE = &0 R
0 56 ILLUMINANCE FROM TOPSIDE OF BLINDS (EXPOSED TO SUN) X
: VERTICAL BLINDS, ANGLE = 75 X
!-‘ o oo o e e i e o e e 2 e e e e e e .
- C USE 32-INTERVAL SIMPSON INTEGRATION TD DETERMINE VERTICAL
@ C ILLUMINANCE FROM VARIOUS SKIES -- ASSUME UNIT ZENITH LUMINANCE
- c
~ FROGRAM EVERT
N REAL F(33)
Y c
DATA FI1/3.1815927/
c
OPEN(UNIT=1,FJLE="SYS$INPUT’ »STATUS="0LD")
10 WRITE(1,1001)
1001 FORMAT(/’ -WHICH SKY (1-7) 7°)
READ(1,%) ISKY
IF(ISKY.LE.0) STOP
c
A C COMPUTE S1MPSUN INTEGKAND
x c
2 DO 20 1=1,32
THETA = (I-1)%0.5% PI / 32,
- Z = TAN(THETA)
2 FCI) = COS(THETA)X32. % SKYRR(ISKYs0.s1,+2Z
~ 3 +SORT(1,4232))
N 20 CONTINUE
j F{33) = 0,
N WRITE(1,1002) (2./PI) % SINPSN(.SEP1+32sF)
te 1002 FORMAT(F10.8,’ = VERTICAL ILLUNINANCE’)
A 6OTD 10
- END
3 D et L T
- C SIMPSON INTEGRATION OVER N INTERVALS SPANNING ‘X’
£
Fa FUNCTION SIMPSN(XsNsF)
- REAL F(33)

..........................
.........................................
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20 SIMPSN

5 SINPSH

SINFSN
b0 20 1

2

DO 25 I=3sN-1,2
SIMFSN + 2.% F(I)

SINPSN ® X / (3.3N)

" uwun 4

SIMPSN
RETURN
END

'''''''''''
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by ILLUMINANCE FROM SKY -~ U/H = 0,75 N
30 NO BLINDS :
i ) ROOM OEPTH / | |
& | WINDOW HEIGHT | WINDOW WINTH / WINROM HEIGHT M/ H
| ! |
é I B/ H XD 1 .5 1 2 3 3 é 8 INF I
2 | 10 | 824 8464 870 &73 875 879 880 88I |
i4 | 30 | S47 711 777 789 793 798 799 801 |
;! | 1 50 | 355 526 635 659 666 k49 670 672 |
3 | 70 | 243 386 505 S$38 S48 S44 545 547 |
% | 90 | 185 304 418 451 464 444 446 447 |
g | 10 | 667 781 809 812 813 815 816 824 |
X | 30 | 289 416 519 S44 SS51 SS54 557 563 |
& ! 2 50 | 122 204 287 319 331 339 341 345 |
3 | 70 1 068 116 173 201 214 223 226 229 |
2 | 90 | 050 084 127 151 164 167 171 172 |
B e ottt o o o o o v e o i G W R S BB B N R R W e G el et S G ome St (oo e el s PO N R L et e mme e e e SO W0 e St e
o I 10 | 522 681 739 746 747 749 747 766 |
5 | 30 1 139 232 320 350 360 345 364 373 |
i | 3 50 | 053 092 139 163 174 183 182 187 |
oy | 70 1 031 053 081 097 104 116 1146 119 |
i | 90 | 025 041 041 074 082 089 090 092 |
. 10 405 574 658 670 473 675 674 707
; 30 075 134 197 224 23% 243 243 255

70 018 031 048 059 065 073 074 078
P 90 016 026 040 048 053 049 061 064
3 10 242 392 494 516 H21 G244 523 588
3 30 027 054 084 102 111 119 120 135

- M D B G T WE G R R e S S S S WD e S NS G CHm G em Y fem W SN M ER B S B eee M e G mm e W S e . b e B W e e R e e

70

g0 004 010 015 019 021 023 025 030
10 092 168 248 275 284 290 291 394
30 006 014 0256 032 0346 041 044 059

----
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& ILLUMINANCE FROM SKY -- U/H = 1,00 (UNIFORM SKY) o
NO BLINDS =

'S

S .

\ | ROOM DEPTH 7 | ! .

* | WINDOM HEIGHT | WINDOW WIDTH / WINDOW HEIGHT W/ HI g

X ! ! i :

E I D/ H LD .5 1 2 % A 6 8 INF |

i | 10 | 671 704 711 715 717 726 726 728 |

3 | 30 | 458 S95 654 668 472 682 483 485 |

g | 1 SO | 313 462 563 589 598 607 608 610 |

- i 70 | 227 362 478 S15 S27 S30 S32 534 |

: 1 | !

- e - T e P SR e R MR M S G e A e e T SEm S TR S M M 1 B e G e M M e e e e 0 1 M S G M G T e e bt S G e e e e S e

N ! 10 | 545 636 %8 660 661 665 666 672 | .
3 I 30 1 239 347 459 484 491 499 S01 S04 | 1
"y | 2 50 | 121 203 286 320 335 348 351 355 | 8
. I 70 | 074 128 192 224 243 259 2464 2467 | ‘
-~ ! 90 | 058 101 1%6 188 207 215 221 223 | ;
i ) 10 | 431 S&1 607 613 614 616 615 631 | 3
N ! 30 | 133 223 306 337 348 3S7 357 366 | 2
o I 3 SO ! 0S8 103 155 183 197 2§1 213 218 | N
9 ! 70 1 037 0463 098 119 132 147 150 154 | X
| 90 1 030 051 079 098 110 122 126 129 |
B ——————————————————— e e = K
e ! 10 | 339 482 549 560 563 566 565 593 | R
) I 30 1 078 139 204 234 247 253 260 272 | -
B I 4 SO | 033 040 094 114 126 13% 143 150 | A
K I 70 1 022 039 061 074 083 095 099 104 |
' | 90 | 019 032 0%0 061 070 080 084 089 |
UM
S ! 10 | 211 343 433 453 458 461 461 518 |
S ! 30 1 033 065 103 123 135 145 148 167 |
i I 6 50 | 01% 029 047 057 064 073 077 086 |
- I 70 | 011 021 033 040 045 0S1 054 040 |
| 90 | 010 019 028 034 038 044 046 052 |
» ] 10 | 135 238 326 353 362 366 367 452 | -
- | 30 | 0156 034 0S8 072 080 090 094 116 | N
L. ! 8 %0 | 008 017 027 034 039 045 048 059 | .
5 ] 70 1 004 013 021 026 028 032 035 043 | g
b 1 90 | 005 012 019 023 02% 029 031 038 | )
! I 10 1 090 165 244 272 283 290 291 395 |
> ] 30 1 009 020 0346 045 052 060 064 087 |
-, I 10 SO | 005 010 019 023 026 030 033 044 |
ks | 70 1 004 009 015 018 020 023 025 033 |
v I 90 | 003 008 014 016 018 020 022 030 |
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1 ILLUMINANCE FROM SKY -- VU/H = 1,25 ]
' NO BLINDS .
" 3
K _i _________________________________________________________________ :
: | ROOM DEPTH 7/ | ' %

| WINDOW HEIGHT | WINDOW WIDTH / WINNOW HETGHT W/ HI >
% I ) ! g

! D/H TN .5 1 2 3 4 6 g8  INF |
?j I 10 | S78 607 614 619 621 633 634 635 |
3 | 30 1 405 525 S80 594 599 612 614 615 |
X I 1 S0 | 287 423 S19 547 S%6 569 571 573 |
N | 70 | 218 347 461 SO01 515 S22 525 526 |

| 90 | 186 307 428 473 491 483 486 487 | .
3 I 10 | 472 549 S66 549 570 S74 575 581 |
= I 30 | 221 337 422 447 456 465 467 472 |
3 | 2 S0 | 120 202 285 321 337 353 357 361 |
3 | 70 1 078 136 204 242 281 281 287 290 |
b I 90 | 064 112 174 211 233 244 2%1 253 |
‘ﬁ ! 10 | 377 488 %27 3% 534 536 536 549 |
R | 30 1 130 217 298 329 341 352 353 362 |
- I 3 S0 | 062 110 165 195 211 228 231 237 |
4 I 70 | 040 070 109 132 147 166 171 175 |

I 90 1 033 057 090 112 127 142 148 152 |

10 300 424 484 494 497 499 499 524
30 080 143 209 240 255 2467 269 283

ol ok Ol

70 024 043 0468 083 094 109 115 120
90 021 036 056 070 08B0 092 099 103
10 193 314 395 415 420 423 423 4746
30 036 071 113 136 149 161 145 186

SRR AT

1

RARATD

! | |

I | |
] 1 8 SO 1 009 019 031 040 Q043 Q32 086 069 |
,1 | 70 1 007 015 023 029 032 037 040 049 |
v | 90 1 006 013 @21 025 028 032 035 043 |
;3 | 10 1 088 164 241 270 282 290 291 396 |
% | 30 ¢+ 011 024 043 054 062 071 076 103 1
¥ | 10 50 1 005 012 022 026 030 035 038 032 |
. ! 70 1 004 010 017 020 023 025 028 038 |
’ | 90 I 004 009 016 018 020 023 025 034 |
¢
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ILLUMINANCE FROM SKY -- V/H = 1.50

NO BLINDS
I ROOM DEPTH / | !
| WINROW HEIGHT | WINDROW WIDTH / WINRGW HEIGHT W/ HI
l | 1
I N/ H Zni .5 1 2 3 4 6 8 INF 1

} t 1
1 1 !
t 1 950 | 261 3B4 471 499 508 524 526 627 |
! 1 |
1 1 1

70 204 325 432 470 483 497 499 5090
90 179 2935 412 436 475 A74 477 478
10 412 477 490 492 493 498 499 T0S
30 201 304 379 402 A10 422 424 429

et o L . . Smn S G S0 T S WY G W G G G M G G G HE S M MM e SR s S Ges SO VIR G @00 VIR N N TOTM G G0 OWA MM ENO ONY O SIS GVN Shm W ems e G Mt Bee @

N EE S D . tem A S G G G S G WD G N S HE G G i D e G G D W M S Am e M e e W S N e G S G M) W MMD BN G GG B MR M M G B e

.
.
-
o
K
S
e
-
Me
e
-
’-
A
.
.
.

e ¥

o ¢ F
1

70 013 0246 040 049 056 064 049 078
90 012 023 035 043 048 057 062 070
10 117 207 282 305 314 319 320 393
30 020 042 071 087 098 111 116 143

| 1 |
| { 4 1
| 8 S0 1 010 021 035 044 050 058 063 078 |
| | : |
! ! |

70 007 016 026 032 036 041 045 055
?0 007 014 023 028 031 036 040 049
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; HORIZONTAL RLINDS, ANGLE = 0 ]
;1 ___________________________________________________________________________ o)
;ﬁ | ROOM DEPTH / | ! 5
% | WINDOW HEIGHT | WINDOW WIDTH / WINDOW HE1GHT MW/ H %
b ) i | 5
I D/ H 2B 1 .5 1 2 3 4 6 8 INF | 4
_;‘, _____________________________________________________________________________ .,1
X | 10 1 036 041 046 048 050 054 055 055 | 1
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! ! 10 | 051 0461 066 067 069 0706 071 072 1 #
b I 30 1 058 093 121 129 132 138 1356 138 | 3
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o I 70 | 031 059 095 114 125 133 136 137 1 X
> ! 90 | 025 048 082 102 115 115 119 120 | ;
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‘ | 90 | 011 023 041 053 062 068 073 075 | a
____________________________________________________________ v
4 I 10 1 060 086 099 102 103 104 105 110 | .
% { 30 | 035 063 097 114 122 128 130 137 | »
¥ I 4 S0 | 014 031 052 046 075 084 083 092 | p
< I 70 1 009 018 031 041 047 056 061 063 | :
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ILLUMINANCE FROM SKY -- THRU COMFONENT
HORIZONTAL BLINUDS, ANGLE = 75
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ILLUMINANCE FROM SKY -- THRU COMFONENT
VERTICAL BLINDS, ANGLE = © —
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70 130 172 132 098 074 049 037 037
20 109 162 143 106 083 0S1 039 039
10 169 107 060 043 033 023 018 018
30 142 144 113 083 0865 045 034 034

70 041 069 0846 075 063 045 035 035
20 029 052 074 072 062 042 033 033
10 196 138 08B0 056 043 030 023 023
30 ;

70 019 032 044 049 044 034 028 028
90 013 023 035 040 041 031 025 026
10 188 155 094 066 0S1 035 027 028
30 052 082 092 074 060 043 033 035
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%0 008 013 020 024 026 023 020 021
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ILLUMINANCE FRON SKY -- THRU COMPONENT
VERTICAI. RL1INDS, ANGLE = 30

| ROOM DEPTH /

i WINDOW HEIGHT
!
!

70 07z 130 148 114 089 058 044 044
90 0957 106 146 123 097 061 0485 046
{ 10 1 183 122 070 051 040 029 023 023 1|
| 301 081t 137 129 095 075 052 040 041 |
| 2 S0 1 038 048 102 096 078 0S5 043 043 |
1 70 1 021 039 0&é6 075 071 052 040 041 |
| 20 1 015 029 050 061 044 048 038 038 |
10 165 158 092 045 0350 036 028 029
30 045 080 111 095 076 053 041 042

70 010 018 030 038 041 039 032 032
20 007 013 022 028 033 032 029 030
10 131 168 108 076 059 041 032 033
30 026 048 077 080 (049 049 038 040

70 006 010 017 021 025 026 024 026
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ILLUMINANCE FROM SKY ~~- THRU COMPONENT
VERTICAL RBLINDSy ANGLE = 60
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! | !
! WINDOW HEIGHY I MWINDOW WINTH 7/ WINDOW HEIGHT W/ HI
| | 1
I D/ H X0l .5 1 2 3 4 6 8 INF |
| 10 | 174 117 072 061 055 047 040 041 |
| 30 1| 048 128 161 119 096 070 055 055 |
! 1 50 I 020 039 142 153 12 090 070 070 |
I 70 ) 011 034 089 132 137 101 077 078 |
| 0 1 008 024 043 100 123 104 080 080 |
1 101 0%0 173 113 080 044 049 040 040 |
| 30 1 014 041 103 3133 122 087 068 068 |
I 2 50 I 005 015 039 0464 084 088 071 072 |
| 70 1 003 008 020 033 045 082 063 063 |
1 20 1 003 008 014 022 030 041 049 049 |
! 10 | 049 127 152 1046 082 0359 047 048 |
1 30 1 006 019 047 076 094 088 068 070 |
1 3 $0 1 002 007 0146 026 035 052 054 056 1
! 7201 002 005 009 014 018 O26 033 034 1
1 20 | 001 004 007 010 013 017 021 022 1
| 10} 029 083 155 127 098 0468 053 055 |
| 30 1 003 010 025 041 056 070 063 066 |
| 4 50 1 001 004 009 014 018 027 03 036 1
{ 720 1 00t 003 006 008 010 014 o011/ 018 |
| 20 I 001 003 005 006 003 010 012 012 |
| 101 013 042 102 129 117 080 061 069 |
t 30 1 001 004 011 016 022 032 039 044 1)
| é S0 I 001 002 005 007 008 011 013 015 |
i 70 1 001 002 005 005 006 007 008 009 |
| 20 { 000 002 004 005 005 005 0085 0086 |
l 10 1 004 022 059 093 104 084 064 079 |
1 30 1 000 002 006 009 011 016 021 025 1|
I 8 S0 1 000 001 003 005 003 006 007 009 |
! 701 000 001 003 004 004 005 005 006 |
! 20 I 000 001 003 004 004 004 004 005 |
| 10 1 003 012 035 059 077 079 063 085 |
I 301 000 001 003 003 007 009 012 016 1
I 10 50 + 000 001 002 003 004 004 005 0046 |
l 7201 000 001 002 003 003 003 003 005 1
! 90 I 000 001t 002 003 003 003 003 |
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ILLUMINANCE FROM SKY -- THRU COMPONENT
VERTICAL BLINDS, ANGLE = 75 -

-3

I ROOM DREPTH / |
| WINDOW HEIGHT | WINDOW WIDYH / WINDOW HEIGHT W/ H
| |
i |
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2 | 10 1 003 022 073 124 149 126 097 102 |
3 | 30 | 000 001 007 014 021 036 050 052 |
: 14 S0 | 000 001 004 004 008 012 017 017 |
i ! 70 1 000 001 003 005 006 008 010 010 |
2 ' , |
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ILLUMINANCE FROM GROUND -- THRU COMFONENY
HORIZONTAL BLINDS» ANGLE = 0

A G - — e s e it e - s e . T WS T WP M At G B e e G T P Ewe WU MS W W Y M G e e S e e e W A Gme e e . e

ROOM DEPTH ~/

.t ) 4'."-
- 4+ 4
JEBE T O

2 | | i .
o | WINDOW HEIGHT | WINDOW WIDTH / WINDOW HEIGHT W/ HI -
o | | ! .
i ! D/ H ZD1 .5 1 2 3 4 6 8 INF 1 i

o [ 10 § 013 023 036 043 046 053 054 054 | ;
5 | 30 | 017 029 043 051 054 062 0463 0463 | :
;} | 1 50 | 018 033 049 056 060 070 070 071 | .
. I 70 | 018 034 050 0S8 041 076 076 077 | ]

: ! 90 | 016 030 044 053 056 080 081 081 | i
gj ! 10 | 013 022 034 041 045 051 052 052 | ]
o [ 30 1 015 029 045 054 059 063 065 066 |

o) ! 2 S0 1 014 030 050 060 066 070 072 073 |

o | 70 1 012 028 049 060 067 072 074 075 |

= | 90 | 010 024 042 052 058 071 073 074 |

i 10 014 023 03% 041 045 050 057 058

e 30

caigas o

?5 70 008 019 035 045 051 056 059 060
- 90 007 015 028 036 042 050 055 056
aﬁ | 10 | 014 024 037 043 047 052 057 059 |
> I 30 1 010 024 042 052 057 061 065 068 | X
- I 4 SO | 007 017 033 042 047 053 055 058 | ]
3 | 70 1 0056 O13 024 031 0346 040 044 046 | .
) | 90 I 005 011 019 025 028 033 037 039 | #
X I 10 | 015 029 041 048 053 056 061 068 | :
= | 30 1 007 018 032 041 047 052 055 061 |
“] | 6 SO 1 004 010 019 024 028 033 036 041 | :
o 1 70 | 004 008 012 01% 018 021 024 027 | ]
I 90 | 003 007 010 013 015 017 020 022 | 4
% ! 10 1 012 028 043 052 057 062 063 077 | J
"1 ! 30 1 005 012 023 030 035 041 043 0S3 | K
A I 8 50 1 003 007 012 015 018 021 023 028 | X
< I 70 | 002 005 008 010 011 013 014 018 | 3
= I 90 | 002 005 007 009 009 011 012 015 | ;
B e e e e e n - v o - = = Am = An A e e e o . E e T . T o e W %o e sme %A e e oo i W e - b m= o e i e S
;gi I 10 | 010 025 047 052 058 064 066 089 | |
- I 301 003 008 018 022 0246 031 033 045 | .
- I 10 SO | 002 005 008 010 012 014 014 021 |
N ) 70 | 002 004 004 007 008 009 010 013 | X
§: | 90 | 002 004 006 006 007 008 009 012 | ;
,.1 ----------------------------------------------------------- o9
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ILLUMINANCE FROM GROUND -- THRU COMFONENT

HORIZONTAL BLINDS, ANGLE = 15

- e . o S NSt W T e S S % WO NS W40 e S B M W W A e e M e mi e me s W A Ma) Eee Sl G Ged e WS CH e G 900n e Mee Sele MR s e Wt M S

ROOM DEPTH /

! |

| WINDOW HEIGHT { WINDIOW WIDTH / WINNOW HEIGHT W/ H
! {

I B/ H ZAnt1 .5 1 2 K 4 6 g INF
| 10 1 022 040 (@63 076 QOQB4 100 106 107
] 30 + 025 043 063 080 085 099 101 102
I 1 S0 1 027 030 075 086 092 106 107 108
| 70 1 026 0350 o075 087 092 111 113 113
| C 1| 023 044 (L6 078 083 115 116 116
| 10 1 020 035 053 064 072 081 08 086
| 30 1 021 043 0467 079 087 093 095 096
| 2 S50 1 019 043 072 086 099 098 100 101
! 7201 017 039 048 083 092 094 099 100
| ?C | 014 032 056 069 077 091 094 094
| 10 1 022 035 053 062 069 078 091 093
| 30 1 018 039 0464 077 084 090 104 107
| 3 SO0 1 014 032 057 071 080 083 093 096
I 701 011 025 045 057 085 071 074 0783
| 20 1 009 020 035 044 051 0H9 066 068
! 10 1 020 036 035 065 070 078 087 092
! 30 1 014 034 059 072 079 085 092 097
| 4 S50 1 010 022 043 054 061 068 072 075
| 701 008 0146 029 038 043 049 083 056
! 0 I 007 013 023 029 (33 038 042 045
| 10 1 022 044 062 072 078 084 092 104
i 30 I 010 024 043 0S5 062 069 074 083
i 6 S0 1 006 013 023 029 034 040 044 050
I 7201 003 010 015 018 021 024 027 031
| 90 | 005 009 013 015 017 019 022 024
| 101 017 041 065 078 086 093 095 117
| 30 1 006 0146 030 039 045 052 0355 068
| 8 SO0 I 004 008 014 018 020 024 026 0%2
| 720 1 003 007 010 012 013 013 016 020
| 0 I 003 006 009 010 011 012 013 016
l 10 I 013 036 069 078 086 096 098 134
| 30 1 004 010 022 028 032 033 041 0356
! 10 S0 1 002 006 010 012 014 016 017 024
| 70 1 002 005 003 008 009 010 011 015
| 90 1 002 003 007 008 008 009 010 013
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ILLUMINANCE FROM GROUND -- THRU COMFONENT ;J
HORIZONTAL BLINDS» ANGLE = 30

-
| ROOM DEPTH / | 1

WINDOW HEIGHT
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g ILLUMINANCE FROM GROUND -- THRU COMFONENT
( HORIZONTAL BLINDSs, ANGLE = 45
= e e e e e e
N | ROOM NEPTH / |
o | WINDOW HEIGHT | WINDOW WIDTH / WINDOW HEIGHT W
- | |
¥ I D/ H LD 1 .5 1 2 3 4 b 8

10 034 0640 094 114 127 176 194
30 033 05Y 089 103 112 147 153

70 031 059 090 103 110 144 147
90 028 053 080 092 098 138 141
B 10 027 047 071 084 096 127 134
y 30 026 051 078 090 099 126 129

: 70 017 036 040 072 080 074 096
i 90 014 029 046 056 063 077 080
- 10 026 046 068 079 092 116 118
= 30 020 042 068 081 089 110 123

- o D S s S i M e MR K M M W G G M M KR W SR e s e e tme s el W R B M S N G N S s e S e R M B T e vl e A G 0% em e

e ! 10 | 025 04% 075 087 093 112 120
o [ 30 1 016 035 059 070 077 091 107
L | 4 S0 1 010 020 034 041 046 054 061
e | 70 | 008 014 022 026 029 033 038
: ! 90 1 007 012 017 020 022 026 029
" 10 023 054 083 100 109 116 113
o 30 009 023 040 050 056 061 070

- 70 004 009 012 013 015 016 017
. 90 004 008 011 012 013 014 015
R | 10 | 015 041 071 088 098 106 109
o | 30 1 005 013 023 030 035 039 041
o | 8 SO 1 003 006 010 012 013 01% 016
- | 70 1 002 005 007 008 009 010 010
=, ! 90 | 002 005 007 008 008 009 009
o [ 10 | 010 028 0S8 067 075 083 086
R I 30 1 002 007 014 017 020 024 025
o I 10 50 | 002 004 006 007 008 009 009
2 | 70 | 001 003 005 005 006 006 006
5y ! 90 1 001 003 005 005 006 004 008
N LR L




ILLUMINANCE FROM GROUND -- THRL COMFONENT
HORIZONTAL RLINDS» ANGLE = &40

ROOM DEFTH /

1 1 |
| WINDOW HEIGHT | WINDOW WIDTH / WINDOW HEIGHT W/ H I
| | |
! D/ H 201 .9 1 2 3 4 6 8 INF |
10 I 034 057 086 110 121 1635 183 184 |

30 I 031 0S54 o078 095 102 132 139 139 |

1 S0 | 030 053 078 093 098 129 133 134 |

720 1 027 050 074 087 022 125 128 128 |

|

90 I 024 044 0465 077 082 117 120 120

oo . St e me v e e e MMM e e M G TS M M des 4 M W A S4C B T war mes SO M s e TR e W e e WM S Ee G MR W A MR e M W m e e Wil G e e e e e

10 I 026 045 064 080 103 114 121 122

30 023 043 064 077 097 110 112 114

[%]

1
| 1
SO0 ! 018 035 O0%4 065 080 094 096 097 |
720 1 014 026 041 050 061 071 073 074 |
! |

90 012 021 031 038 047 035 056 057
10 027 049 072 083 099 103 049 071
30 020 038 059 069 083 092 071 073

! | |
l ! |
| 3 S0 1 013 024 037 043 052 0359 054 0S8 |
l | {
l | !

70 010 017 024 028 033 037 034 035
?0 009 014 019 021 025 027 024 025
10 025 0350 078 091 097 100 078 082
30 015 031 031 060 065 072 067 071

| !

! |

4 50 1 008 016 025 030 032 0348 035 037 |
I 007 012 016 018 020 021 020 021 |

90 1 006 010 014 015 0146 016 015 0145 |

10 1 015 037 059 072 079 084 066 074 1|

30 1 006 015 025 031 035 038 038 043 |

6 SO I 003 007 010 012 013 015 014 016 |
| |

| |

70 003 005 007 008 008 009 008 QO9
90 003 005 007 007 008 008 007 008
10 008 022 039 048 054 058 060 074
30 002 006 012 013 017 019 020 025

| 1 |
1 1 |
I 8 S0 I 001 003 005 005 006 007 007 009 |
| I |
) 1 !

70 001 003 004 004 004 004 005 006
20 001 003 004 004 004 004 004 00S
10 004 013 028 032 038 041 042 0§57
30 001 003 0046 008 009 010 011 015

| ! !
| ! |
! 10 SO 1 001 002 003 003 003 004 004 005 |
| I 001 001 002 002 002 003 003 004 |
l I |

001 001 002 002 002 003 003 004
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ILLUMINANCE FROM GROUND -~ THRU COMPONENT
HORIZONTAL RLINDS, ANGLE = 75 ]
| ROOM DEFTH / | ! '
| WINDOW HEIGHT | WINDOW WIDVTH / WINDOW HEIGHT W/ H I X
I ! I :
| D/ H DI .S 1 2 3 4 6 8 INF | .
—————————————————————————————————————————————————————————————————————————— “
I 10 | 027 041 073 083 097 057 064 064 | .
! 30 1 023 037 062 074 079 045 048 048 |
! 1 SO | 021 034 053 069 073 043 045 045 |
I 70 | 019 030 052 062 066 042 043 043 |
I 90 | 017 027 045 054 057 038 039 039 |
} 10 1 023 040 058 065 0S4 039 042 042 |
I 30 1 019 034 049 056 050 037 038 038 |
I 2 S50 1 014 024 035 040 033 031 031 032 |
! 70 1 011 018 024 028 026 022 023 023 |
I 90 | 010 014 019 021 O©019 016 016 O17 |
! 10 1 014 030 045 052 044 035 018 019 |
I 30 1 011 021 032 038 036 030 018 019 |
| 3 S0 | 007 012 017 020 020 018 013 014 |
I 70 1 005 008 011 012 012 010 008 008 |
I 90 I 005 007 009 010 009 007 005 005 |
! 10 1 010 021 033 039 042 034 022 023 |
! 30 1 006 0312 019 023 024 023 018 019 |
| 4 S0 I 003 006 003 010 010 010 008 009 |
! 70 | 003 004 005 006 006 005 004 005 |
! 90 | 002 004 005 005 005 005 003 004 |
] 10 1 004 010 018 022 024 025 017 019 1|
| 301 001 004 007 008 009 010 009 010 |
I 6 SO 1t 001 002 002 003 003 003 0035 003 |
I 70 1 001 001 002 002 002 002 002 002 |
| 90 1 001 001 002 002 002 002 002 002 |
I 10 1 002 005 009 012 013 014 015 018 |
I 30 1 000 001 002 003 003 004 004 005 |
I 8 S0 1 000 001 001 001 001 001 001 002 |
| 70 | 000 001 001 001 001 001 001 001 1
I 90 1 000 00t 001 00t 001 001 001 001 |
| 10 1 001 002 005 005 007 008 008 O1t | K
I 30 1| 000 000 001 001 001 002 002 002 1| :
! 10 50 I 000 000 000 000 000 001 001 001 | .
| 70 1 000 000 000 000 000 000 000 001 1 :
| 90 | 000 000 000 000 000 000 000 001 | Y
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ILLUMINANCE FROM GROUND --

VERTICAL BLINDS,

ANGL.E

THRU COMFPONENT

= 13
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ILLUMINANCE FROM GROUND -- THRU COMFONENT

|

VERTICAL BLINDS, ANGLE = 30
P
—————————————————————————————————————————————————————————————————————————————— .".
| ROOM DEPTH / | | X
| WINDOW HEIGHT | WINDOW WIDTH / WINDOW HETGHT W/ H 5
I ! ! h
I D/ H Z D01 .S 1 2 K 4 é 8 INF I -
_________________________________________________________________________ &
! 10 | 030 037 040 037 032 027 022 022 | ]
| 30 1 032 039 040 034 030 024 019 019 | B
| 1 50 | 032 042 043 038 032 025 019 019 | :
| 70 1 030 041 043 038 032 025 020 020 ! .
[ 90 | 026 037 038 034 028 026 020 020 | -
10 026 031 033 031 028 023 019 019
30 025 035 039 037 033 025 020 020

v:u.ff:‘fff
ot atas o g

70 014 028 037 038 036 028 022 o022
90 014 023 030 032 031 028 022 022
10 028 031 032 029 027 022 019 020
30 021 031 037 035 032 025 022 o022

! ! |
o | ! !
s I 3 S0 | 014 023 031 033 031 025 021 022 |
| ! !
| I |

- 70 011 017 024 026 027 023 020 020 ]
- 90 009 013 018 021 022 021 019 020
A 10 026 031 033 030 027 021 018 019
-0 30 015 025 033 033 031 024 020 021

oy

N 70 007 011 014 018 013 017 018 017
| ?0 007 009 012 014 014 015 014 015
- 10 017 036 035 033 029 022 019 021
% 30 007 017 023 025 025 022 013 020

A 70 003 007 007 008 ©OU? 009 009 011
Y 90 003 0086 006 007 007 007 008 009
j 10 012 029 035 034 031 024 019 024

30 004 010 015 0t8 018 017 015 019

70 002 004 005 00% 005 005 006 007

90 002 004 004 005 004 004 005 006
" [ 10 | 008 022 041 032 030 025 020 027 1
i | 301 002 006 012 012 013 013 012 0t7 |
e, \ 10 S0 1 001 003 005 005 006 006 006 O0R |
p | 70 1 001 003 004 004 004 004 004 005 1
Wi ! 90 I 001 003 004 003 003 003 003 004 |
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ILLUMINANCE FROM GROUND -- THRU COMFONENT
VERTICAL BLINDISs ANGLE = 45

ROOM DEPTH / |

WINDOW HE1IGHT | WINDOW WIDTH / WINDOW HEIGHT W/ H
)
|

. . b e S e N Cem v M b e e T M W e e e M e e G L SR MR ME e e M T e A e e m e e e e m e ke e e

70 023 036 044 043 038 032 025 025
?0 019 032 03% 039 034 032 025 025
10 024 029 034 034 0X3 029 0289 0295
30 020 030 038 038 037 030 025 025

70 012 021 032 035 037 032 027 027
90 010 016 025 029 030 031 026 027
10 023 028 032 032 030 026 024 025
30 014 02% 034 036 035 029 028 02

70 007 012 018 022 024 024 022 023
90 007 010 014 016 018 020 021 021
10 018 029 034 033 030 020 022 024
30 009 020 029 032 032 028 024 025

70 003 008 012 014 01% 016 016 017
90 004 007 009 010 03It 012 013 014
10 009 025 033 033 033 026 022 025
30 004 011 018 022 023 023 020 023

70 002 004 006 004 007 008 003 009
90 002 004 0035 005 005 006 006 007
10 006 018 033 033 035 028 023 028
30 002 006 012 014 016 017 016 020

70 001 003 004 004 004 004 005 008
90 001 003 004 004 004 004 004 004
10 004 012 031 031 030 028 023 032
30 001 003 003 009 011 012 012 0146
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VERTICAL BRLINDS, ANGLE = 60
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ILLUMINANCE FROM UNDERSIRE OF BLINDS (HINNEN FROM SUN)
HORIZONTAL BLINDS, ANGLE = O

d

h"‘"i" RO
“ela

& ot e

| NI VTR A/ VRTINS

& e e o o et e o i e e

b ‘N

N5 | ROOM DEPTH / | (

™ WINDOW HEIGHT | WINROW WINTH / WINDOW HEIGHT W/ K

‘3.1 | !
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et T M B R A W NE e W G T S et N D MR e M G B S S e SN e e e e W mn e 4 ER e e M Nt =N WR e me e e W S e s e e W e

70 090 139 180 199 218 234 265 266
90 068 107 142 155 169 166 186 187
10 359 447 552 447 738 914 1086 1097
30 097 147 192 215 233 268 307 310

! l !
! | {
| 2 S0 1 039 065 093 106 112 122 137 138 |
1 ! |
1 ( {

70 022 034 054 062 064 069 077 078

90 017 027 040 047 050 049 055 056
I 10 | 228 307 379 439 494 602 702 720 | .
| 30 1 043 072 101 116 124 139 149 153 | y
| 3 S0 I 015 026 040 048 052 058 055 056 | g
! 70 1 010 016 025 031 034 036 033 034 | )
| ?0 1 009 013 020 025 027 029 026 026 | a
.1 ! 10 | 155 225 283 324 362 435 503 528 | -]
o J 30 1 020 035 054 064 070 0783 083 087 | ;
W | 4 50 1 008 013 021 027 031 034 034 036 | -
" | 70 1 006 010 015 019 022 025 024 025 | 1
| 90 | 005 009 013 016 019 021 020 021 | 3
10 077 128 173 196 215 252 287 322 3
30 006 012 020 025 028 032 033 037 3

70 002 005 008 010 011 014 014 016 X
90 002 005 007 009 010 01X 012 014 >
| 10 | 042 075 108 124 13% 185 174 214 | j
I 30 1 002 005 009 012 014 016 018 022 | K
| 8 S0 | 001 003 005 007 008 009 011 013 | 3
I 70 1 001 00% 004 006 007 008 010 012 | %
] 20 | 001 002 004 005 006 008 009 011 | 1
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| 70 | 001 001 003 004 004 005 00& 008 | 1
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o ILLUMINANCE FROM UNDERSIDE OF BLINDS (HIDDEN FROM SUN) g
E HORTZONTAL BLINDS, ANGLE = 15 —
» ! ROOM DEPTH / | { 3
s | WINDOW HE1GHT | WINDOW WTIDTH / WINDOW HEXGHT W/ H =
- ! | | N
ii I B/ H v (N T 1 2 3 4 6 8  INF | =
- tmm m e e e W vem em bem mar s e W e M bem e tem Ml S e e e SH HED M Sb e b v em G 6N S e B A et M e Mm s b Sl e e R e R e e e e r o e e 4
X | 10 | 711 849 1073 1289 1501 1891 2271 2277 | ;
- I 30 | 280 370 449 515 582 700 823 826 | §
& [ 1 S0 | 164 242 304 342 379 436 502 504 | -]
b [ 70 1 112 177 233 261 286 313 355 356 | 4
| 90 | 089 144 198 220 241 244 274 275 | fﬂ
! 10 | 381 477 SB9 691 789 977 1161 1173 | A
I 30 1 115 177 232 261 284 329 376 380 | 3
| 2 50 | 0S3 089 129 149 159 177 198 200 | B
| 70 1 032 0%5 084 100 107 117 130 131 | 7
| 90 | 025 042 066 079 086 091 101 102 | 2:
! 10 | 249 336 415 480 541 660 748 788 | "
! 30 1 057 096 136 156 143 190 206 211 | -]
! 3 S50 | 023 041 064 078 083 0%4 096 099 | »
I 70 | 015 026 041 052 057 044 063 065 | -
! 90 1 012 021 034 043 047 053 052 053 | 5
! 10 | 175 254 319 3465 408 490 547 594 | 2
| 30 | 031 0S5 083 098 108 121 130 136 | '
] 4 S0 I 012 023 037 0446 052 060 061 064 1
I 70 1 009 015 025 032 037 043 044 046 |
! 90 | 008 013 021 027 032 037 038 040 |
10 094 156 209 236 2%9 303 344 387
30 011 023 037 045 051 058 061 048
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ILLUMINANCE FROM UNRERSIDE OF

HORIZONTAL BLINWOS,

B e e T I e R e T

| ROOM DEPTH / |
WINDOW HEIGHT

RLINDS (HIDDREN FROM SUN)

ANGLE =

30

WINDOVW WIRTH / WINDOW HEIGHI

- - e B D R B R o e i W B D T W R W M B G e e S A N M G m R MR m S e W S e B W tew lem e e A M SO w hm e em e eno e e S
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W/ H

|

& INF |
2406 2414 |
?23 926 |
598 600 1
449 451 |
368 370 |
1233 1244 |
440 445 |
256 259 |
184 186 |
193 154 |
827 843 |
256 263 |
139 142 |
028 101 |
083 0835 1
621 451 |
173 181 |
023 098 |
067 071 |
058 061 |
373 442 |
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050 0356 !
037 042 |
033 037 |
271 333 |
057 071 1
032 039 |
024 030 |
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f TLLUMINANCE FROM UNDERSIDE OF BLINDS (HIIDEN FROM SUN) :3
" HORTZONTAL BLINDS, ANGLE = 45 —

M - . es e W w6 M4s M4 4h e N4 S o M mat s M mer @ Mee b e AmL Mes B0 mee il e e MRS s WAn e s e e e e BN corh e frie e A e s Ao e e mee e e

! ROOM DEFTH / |

|
y I WINIDOW HEIGHT | WINDOW MIDTH / WINROW HEIGHT W/ H
. ] ! ]
v ! D/ H 201 .5 1 2 ks 4 6 8 INF | ff
| 10 | 757 918 1177 1422 1664 2119 2562 2570 | Zﬁ
y | 30 | 321 434 539 424 709 888 10246 1029 | -
3 ] 1 S0 1 202 307 397 452 S04 %598 493 69 | =
: | 70 1 147 240 327 372 411 474 541 S43 | ]
A | 90 | 122 205 28Y 330 363 407 4%9 461 | *?
E 1 10 1| 414 525 6%6 773 883 1098 1307 1321 1 s
f ] 30 1 143 226 301 342 379 438 S502 S07 |
- ] 2 50 | 075 131 194 226 246 279 313 31é |
- | 70 1 04Y 090 143 172 189 213 2346 239 |
i { 20 | !

040 074 119 147 163 183 202 204

DO +) ORI

I t t
j | 30 1 078 135 194 225 245 279 306 314 |
! [ 3 S50 1 037 069 110 135 149 149 180 184 | 'j
} i 70 1 025 046 077 097 109 126 131 135 | S
1 20 1t 021 038 064 081 093 108 114 117 | ad
. ! 10 | 203 297 376 431 48% G81 671 705 | }
: ] 30 1 0446 086 132 157 173 197 214 225 | BB
| 4 50 1 021 042 070 087 100 115 123 129 | -
; | 70 1 013 028 048 061 071 084 090 094 | .f
i 90 | 013 024 040 0%2 061 073 078 082 | :ﬂ
a4 ! 10 | 120 199 265 300 3230 386 438 493 | ;i
) ! 30 + 021 043 071 087 0v8 113 121 1346 1 }ﬁ
. | 6 30 I 010 021 035 045 052 062 067 075 1 "y
: | 70 1 008 014 025 032 037 045 049 055 | o
! 0 I 007 (@14 022 028 032 040 043 048 | :j
X | 10 1 076 137 194 222 242 278 313 385 | -
. | 30 I 011 024 041 053 060 071 078 096 | e
. 1 8 S0 1 005 012 G621 026 031 037 042 052 | fh
. ! 70 1 005 010 014 020 023 028 032 039 | }4
H | 90 I 004 009 014 018 021 025 029 035 | 'd
v | 101 050 097 148 170 186 210 234 318 | ?3
| 30 | 004 014 027 034 040 048 053 072 | ;i
) | 10 S50 I 003 008 014 017 020 025 028 038 | .
A | 70 1 003 007 011 014 016 019 021 029 | ;i
2 | 90 I 003 006 011 013 014 017 020 027 | o
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) ILLUMINANCE FROM UNDERSIDE OF BLINDS (HIDDEN FROM SUN)

: HORIZONTAL BLINDS, ANGLE = 40

% | ROOM DEFTH / | |
™ | WINDOW HE1GHT | WINDOW WIDTH / WINDOW HEIGHY W/ HI
! ! ! |
x | D/ H y 20 I T 1 2 3 4 6 & INF |
- ! 10 1 779 955 1235 1498 1758 2252 271% 2744 |
& I 30 1| 339 465 S85 681 777 958 1135 1138 |
2 I 1 SO | 219 337 442 507 5468 481 791 794 |
% I 70 1 163 269 371 426 472 S55 4386 637 |
ol I 90 | 136 230 328 380 420 485 550 S51 |
2 ! 10 | 428 547 690 815 933 1145 1388 1404 |
N I 30 1 1SS 247 334 383 420 496 569 575 |
X I 2 50 | 084 149 224 263 287 331 372 376 |
" I 70 1 057 105 168 204 225 258 287 290 |
[ | 90 | 047 086 141 174 194 223 247 250 |
'; i 10 | 292 400 503 58% 662 B12 942 967 |
9 i 30 1 087 152 221 258 281 326 361 371 |
¥ | 3 S0 I 043 081 130 160 177 204 224 229 |
> I 70 1 029 05% 091 116 130 153 163 1467 |
L I 90 I 025 046 076 097 111 131 140 144 |
e I 10 | 214 315 403 464 520 629 728 765 |
% | 30 1 052 099 154 183 204 234 261 274 |
i I 4 SO I 025 049 083 104 119 139 151 159 |
» ] 70 | 013 034 057 073 085 101 110 115 |
- | 90 | 016 029 048 082 072 088 095 100 |
- I 10 | 129 218 292 333 368 432 487 549 |
£ I 30 | 024 051 085 105 119 133 151 170 |
) ] 6 50 I 012 025 042 054 062 075 081 092 |
X | 70 1 010 019 031 038 044 054 058 0464 |
= | 90 I 009 018 027 034 039 048 052 058 |
> I 10 | 083 152 218 2%2 276 318 358 442 |
~ I 30 1 013 029 050 064 074 087 098 119 |
] | 8 50 | 007 015 025 032 037 045 051 062 |
N ! 70 1 0046 012 019 024 027 033 038 046 |
> | 90 | 005 011 018 022 025 030 034 042 |
oy ) 10 1 055 108 167 193 212 242 269 367 |
-t ! 301 007 017 033 041 048 058 064 088 |
-, ] 10 SO | 004 009 017 021 024 029 033 045 |
ey | 70 1 003 008 014 014 019 022 025 034 |
;j | 90 | 003 O00R 013 01% 017 020 023 032 |
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ILLUMINANCE FROM UNDERSILE OF RLINNS (HIDDEN FROM SUN)
HORIZONTAL BLINDS,
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2 ILLUMINANCE FROM UNDERSIDE OF BLINDS (HIDDEN FROM SUN)
i‘ VERTICAL RILINNS, ANGLE = ©

B e el

ROOM DEFTH /
WINDOW HEIGHT

w0 et At W W e W e mu S A Seb ei i i e N NS e e W M Wes WS il W ST M T e W Mb NS e W e B0 e G e MRl e S e e Y e G

70 046 09?5 162 199 233 266 310 311
90 038 077 136 172 202 2383 27y 272
10 181 238 333 402 459 560 668 670
30 038 0846 154 190 213 249 291 294

v . - M o 0 D - . S W e %0 e e S B MR e M L e MRS M e MO W M e e e me S N G G B e e A N e dmp M ML b W e e e e e

70 008 017 032 045 054 069 075 076

90 007 014 026 036 043 055 060 062
! 10 | 048 115 184 228 265 320 359 377 |
| 30 1 009 027 0%8 082 099 122 135 142 | <
| 4 50 1 005 013 028 040 051 065 072 076 | R
) 70 004 010 019 027 033 043 048 051 | X
! 90 1 004 009 017 022 028 035 040 042 | =
| 10 1 020 061 119 152 178 219 243 273 | ﬂ
| 30 1 003 011 027 039 0S50 085 075 084 | -
! 6 SO 1 002 006 013 018 023 031 035 040 | -
[ 70 1 002 005 010 013 0148 021 024 027 | -
| 90 1 002 005 009 012 014 019 021 023 | a
| 10 1 010 033 079 106 125 155 180 221 1| j
| 30 1 001 005 014 021 027 037 044 054 | -
| 8 50 | 001 003 007 010 012 017 021 02% 1 >
| 70 1 001 003 0046 008 010 012 015 019 | .
| 90 | 001 003 006 008 009 011 014 017 | -

10 005 01% 0%3 07% 090 112 130 177

30 001 003 008 012 016 022 027 037
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TILLUMINANCE FROM UNDERSIDE 0OF BLINDS (HIDDEN FROM SUN)
VERTICAL RLINNDS, ANGLE = 15

o e o S Gn - 4e e . . R e i R T e e e W M WD S M R e e M e R s e S M Em e s R o M BB M e MR e e e e e G e -

ROGCM DBEPTH /
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i0 374 477 621 74% 873 107% 1294 1298
30 158 238 311 360 413 478 S64 565

I i
I |
1 50 1 099 172 249 275 313 352 409 410 1
I 075 135 199 232 263 294 338 339 |
1 |

70 3

90 064 113 173 205 232 259 297 298 ;

10 | 196 273 362 429 485 587 498 706 | j

30 | 066 122 183 215 234 269 311 315 | X
2 50 1 037 072 121 147 163 185 211 214 | o

70 1 027 050 087 110 123 141 141 1462 1| 1

90 | 023 041 070 090 102 118 134 134 |

10 125 195 264 315 3%4 424 471 483
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ILLUMINANCE FROM UNRERSIDE OF BLINNS (HIDDEN FROM SUN)
VERTICAL BLINDS, ANGLE = 30

L' -4“ ;-_..: PO, 1'““‘.“‘_. V

. A W W SN B e W e W e ot tee mms v UDe NS MR R YW W e e M e M S N Yers b GRe A e eSS S G e me e e M e S0 R e s N Wi SN MM G S mes e e et

ROOM DEFPTH / |

WINDOW HEIGHT | WINNOW WIDTH / WINDROW HEIGHT W/ H
|
|

l | 427 %24 667 794 927 1137 1372 1376 |
1 ! 209 284 350 3986 449 3514 604 606 1
| 1 S0 1| 146 219 279 310 347 384 442 444 )
1 | 1
| | !

70 112 181 239 267 295 323 368 349
90 095 157 212 239 263 287 324 325
- 10 243 310 392 458 514 616 730 738
- 30 101 159 214 243 241 291 333 336
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70 1 021 037 060 074 082 093 095 097

90 | 018 031 049 062 069 079 080 082
./ | 10 | 128 184 236 272 304 356 %93 413 |
N | 30 1 035 066 101 119 132 149 159 167 |
3z [ 4 50 | 017 033 0S4 066 075 086 090 095 |
» [ 70 1 013 023 037 044 053 061 063 087 |
[ ( l
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ILLUMINANCE FROM UNDERSIDE OF RLINNS (HIDDEN FROM SUN)
VERTICAL BLINDIS, ANGLE = 45

) | ROOM DEFTH / | |
~2 | WINDOW HEIGHT | WINDOW WIDTH / WINDOW HEIGHT W/ H I
o ! ] I
N I n/H D1 .5 1 2 3 4 6 8  INF |

. . . ew A R G R s R W K e e TR M EE e G M e B e WE M e G M S A G M R om Sd e S e fee e e YR e S TS e M e e s R G e e

| 10 |  48B%9 578 720 848 986 1204 1453 1458 |
| 30 1 268 337 395 438 490 5SUS5 649 451 1
| i S0 1 189 272 325 351 385 419 479 480 |
i 70 1 147 230 2B6 307 332 354 400 402 |
| g0 1 124 200 209 279 299 319 354 3U5 |
! 10 | 299 353 428 491 546 6AR 76% 773 |
| 30 1 134 202 251 274 289 316 357 360 |
| 2 50t 076 130 182 202 211 227 249 2352 |
[ 70 1 0%2 093 139 15% 168 179 195 197 |
| 20 1 043 0746 t16 137 145 185 166 1468 |
| 10 1+ 223 273 324 3458 402 4469 S14 527 1
| 30 I 078 130 175 194 204 222 225 231 |
| 3 50 1 0392 071 107 126 133 144 147 151 1
| 70 1 027 048 075 091 098 107 1067 110 |
| 20 | 023 040 062 0746 084 092 092 094 |
10 171 226 287 298 328 377 412 A3
30 048 086 126 142 1352 165 173 182

70 017 029 (046 056 063 071 072 076
?0 015 025 038 047 054 0562 064 067
10 108 169 201 219 235 268 2846 322
30 022 044 069 081 088 097 101 114

70 009 016 023 028 032 037 039 043
90 003 015 021 025 028 033 035 039

| 10 1 070 122 155 149 178 198 217 268 |

| 30 1 011 024 040 049 055 061 064 079 | X
! 8 S0 | 004 012 019 024 027 031 034 041 | '%
| 70 1 005 010 0314 017 019 022 025 030 | .
! 90 1 005 009 013 0146 017 020 023 028 | H
___________________________________________________________ =
I 10 1 046 088 125 132 139 151 163 222 | -
| 30 1 006 015 026 032 036 041 043 058 | o
] 10 %0 1 004 008 013 015 017 020 022 030 | e
! 70 | 003 007 010 012 013 015 016 022 | o
| 90 1 003 006 010 011 012 014 015 021 | .
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- ILLUMINANCE FROM UNDERSIDE OF BLINDS (HIDDEN FROM SUN)
{ VERTICAL BLINIS, ANGLE = 60
o | ROOM DEFTH / | |
- | WINDOW HEIGHT | WINDOW WIDTH / WINDOW HEIGHT W/ H
3 ' | |
I D/H  ZDI .S 1 2 3 4 6 8 INF |
ke | 10 | S76 449 787 916 1058 1281 1541 1546 |
N ! 30 | 323 409 456 494 H44 606 701 703 |
-2 ! 1 50 | 225 329 387 407 437 466 S24 526 |
5 ! 70 | 174 274 346 363 3IRI 401 442 444 |
i ! 90 | 148 237 313 335 349 362 394 395 |
1 e L
e | 10 | 371 414 476 536 S88 689 807 816 |
v | 30 | 159 242 301 318 328 351 38y 393 |
- | 2 50 1 091 155 218 241 247 2%8 277 280 |
o [ 70 1 063 110 16% 190 200 208 220 222 |
- | 90 | 052 090 137 161 173 182 191 193 1
TSV e e e e e e e e e e e o S o e
N ! 10 | 272 334 349 407 438 502 544 548 |
o [ 30 1 093 155 211 231 237 280 249 256 |
) | 3 50 | 048 084 127 149 158 186 167 171 |
A | 70 1 033 057 088 106 116 125 124 128 1
1 90 1 029 047 072 089 098 109 109 111 |
= ! 10 1 206 279 312 336 362 406 440 442 |
% | 30 | 057 103 150 170 180 188 193 203 |
- ! 4 50 | 028 051 080 096 106 115 116 122 |
- | 70 1 021 035 054 066 074 083 085 089 |
| 90 | 018 030 045 0S5 063 072 074 078 |
! [ 10 | 129 206 244 255 267 294 309 348 |
- ! 30 1 026 053 082 097 105 114 116 130 |
~ | 6 50 | 013 026 039 048 054 061 063 071 |
X | 70 1 010 019 027 033 037 043 045 050 |
| 90 | 010 018 024 029 032 038 040 045 |
- 10 | 083 147 191 202 207 221 238 293
2 30 | 013 029 048 059 065 072 075 093

N 70
f 90 006 011 014 018 020 023 025 032
:: ! 10 | 055 105 154 1861 1686 172 182 248 | .
"1, | 30 1 008 018 032 O03R 042 048 051 06% | o
.,,\.f I 10 S0 | 004 009 0146 018 020 023 025 035 | 1
i | 720 1 004 008 013 014 015 017 019 025 1| J
| 90 | 003 008 012 013 014 016 017 023 | 4
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ILLUMINANCE FROM UNDERSIDE OF BLINDS (HIDDEN FROM SUN)
VERTICAL RLINDSs ANGLE = 75
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70 195 313 412 450 477 492 §26 G27
?0 165 269 367 406 432 4451 475 46
10 439 525 373 622 670 767 883 893

179 279 363 395 407 422 454 459

70 071 124 189 222 237 254 269 272
?0 059 102 1356 187 202 219 232 235
10 309 409 4465 490 S14 570 606 622
30 102 176 247 279 293 308 302 310

70 037 (&5 101 122 135 149 151 155

?0 032 054 083 101 113 127 129 133

10 228 331 396 418 435 470 497 523 -
30

70 023 040 062 076 085 0948 100 105
0 020 035 052 063 72 083 087 091
10 139 233 299 324 336 353 361 407
30 027 059 094 113 124 137 142 140 -

70 011 022 032 038 043 049 052 0S8
90 011 020 029 034 037 044 046 052 o
| 10 1| 087 142 226 251 264 276 286 353 | .
} 30 1 014 032 055 048 076 086 091 112 |
} 8 S0 | 007 016 026 032 036 042 046 056 |
| 70 1 004 013 020 024 026 030 033 040 |
i 90 | 006 013 018 022 023 027 030 036 | .
10 058 114 176 195 207 220 225 307 .
30 008 019 035 043 049 057 061 082 -
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ILLUMINANCE FROM TOFSIDE OF RLINNS (EXFOSED TO SUN)
HORTZONTAL BLINDSs ANGLE = O
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ILLUMINANCE FROM TOFSIDE OF BLINDS (EXFODSEDR 10 SLIN)

HORIZONTAL BLINDSs ANGLE = 15 -
| ROOM DEPTH / | | :
| WINDOW HEIGHT | WINDOW WINTH / WINDOW HEIGHT W/ HI ;
| | ! -
| D/ H X D1 .S 1 2 3 4 6 8 INF | .
! 10 1 055 087 110 11% 135 099 120 120 | :
| 30 | 054 086 109 114 132 098 115 115 | -
! 1 S0 | 048 080 105 111 128 101 117 118 | .
! 70 1 043 071 095 103 118 099 115 116 | ¥
! 90 1 039 062 083 090 104 094 108 109 | -
e o ton o 1o i i S 2w s o o S S S ot S S S A e S e Mo 0 S T Lt e et S 2 o o hm s P 15 1 S e o ,,;
| 10 | 033 058 089 101 099 086 101 102 | g
I 30 1 028 052 082 094 096 090 104 1046 | b
! 2 50 | 021 038 0461 071 075 076 088 089 | ’
! 70 | 016 028 043 051 0S3 0546 064 065 |
! 90 1 014 022 033 039 040 041 047 048 |

10 024 044 070 088 089 084 051 052
30 016 032 054 068 073 077 056 057

70 008 013 O0Ot9 024 025 027 024 024

008 011 016 019 019 020 016 016

! | 017 035 058 073 084 084 065 068 |
| ! 010 020 035 045 052 0359 037 060 !
t 4 S50 1| 006 010 016 020 024 026 026 027 |
| ) |
| | 1

1 | !
l 1 1
| 3 50 1 010 019 030 038 042 046 042 043 |
| ! !
| | 1

70 005 008 010 012 014 015 014 014
90 004 007 009 011 012 012 011 011

| 10 1 009 021 037 047 055 067 053 059 | g
! 30 | 003 008 014 019 022 027 028 032 | N
| é S0 I 002 004 005 006 007 009 009 0101 ]
! 70 1 002 003 004 005 005 006 003 006 | -3
| 90 | 002 003 004 004 005 006 005 006 | ;
R ! 10 1 004 011 021 029 033 041 045 057 | g
- ! 30 1 001 003 006 008 009 011 013 016 | g
2 ! 8 50 | 001 001 002 003 003 004 004 005 1 -
2 1 70 1 001 0031 002 002 002 003 003 004 | -]

F‘ | 90 I 001 001 002 002 002 003 003 004 |
7. e e e e e e e e e e e e e e m S 4
‘o ! 10 1 002 006 013 016 018 022 025 034 | B
e | 30 ! 000 001 002 003 004 005 005 007 | 5
O | 10 S0 1 000 001 O0O1 001 001 001 002 002 1 3
b | 70 1 000 001 001 001 001 001 001 002 | "
' | 90 1} 000 001 001 001 001 001 001 002 | 2
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ILLUMINANCE FROM TOFSIDE OF 8LINDS (EXPOSED TO SUN)
HORIZONTAL BL1INDS, ANGLE = 30
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RLNEA
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! | |
| WINDOW HEIGHT | WINDOW WIDTH / WINDOW HEIGHT W/ HI .
| i | E
| D/ H ZDI .5 1 2 3 4 p 8 INF | i
10 04% 072 089 090 108 066 082 083 '

041 047 083 083 097 059 071 071

70 032 053 069 071 082 058 068 068
?0 029 0446 060 062 072 054 063 063
| 10 1 024 043 067 074 071 0852 062 043 |
1 30 1 020 0346 058 066 065 052 061 062 |
! 2 50 I 014 025 041 047 048 043 050 051 |
| 701 011 018 029 033 033 031 036 036 |
1 90 I 010 015 022 025 025 022 026 0246 1
10 015 030 049 062 050 049 013 018
30 011 021 035 044 0456 044 019 019

70 005 008 012 015 015 014 008 008
90 005 007 010 012 012 010 005 005
10 010 021 037 047 0355 04% 027 029
30 006 012 021 027 032 033 023 024
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ILLUMINANCE FROM TOPSIDE OF 8LINDS (EXPOSED TO SUN)
HORIZONTAL BLINRIS» ANGLE = 45

| ROOM DEFTH /

I WINDOW HEIGHT
!
!

mn o — M e s v ey s e e S R RS W e W A e e A WSt Y S S e W R e T e e Mme My e G e G Wt Me e W e e ve M 0 B B Gy =

70 021 034 042 041 048 016 019 019
90 019 030 0358 033 042 015 018 o018
10 014 025 041 044 037 015 018 018
30 011 021 034 038 033 015 017 017

70 006 010 016 018 016 008 010 010
?0 006 009 013 014 012 006 007 007
10 008 015 026 034 028 014 001 001
30 005 010 018 023 021 012 001 001

70
?0 002 004 005 0056 005 003 000 000
10 004 008 015 020 023 014 003 003

70 001 002 002 003 003 002 001 001
?0 001 002 002 003 003 002 001 001
10 000 001 003 004 004 005 001 001

e e W e . e Wy e D G G S W W (s ve My D M WA MR G G Gme W G e e G e IS GBS B G e e W Ge W L e T fuR W e e mat M e S e e

| 101 000 000 000 000 000 000 001 001 1| T
| 30t 000 000 000 000 000 000 000 000 | e
| 8 S0 1 000 000 000 000 000 000 000 000 1 o
] 701 000 000 0OO 000 000 000 000 000 | '
! 90 I 000 000 000 000 000 000 Q00 000 ! R
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3 10 000 000 000 000 000 000 000 000 ;f
X 30 000 000 000 000 @00 000 000 000 X
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ILLUMINANCE FROM TOFSIODE OF BLINDS (EXFOSEDR T SUN)
HORIZONTAL RBLINNSs ANGLE = 60

- - - . — N " W M- W S e G e Mt M e s ED W M G M e G G R M NS MW WA W T M D e MR W e e W e

| ROOM DEPTH 7/ |
! WINUDOW HEIGHT | WINDOW WIDTH / WINDOW HEIGHT W/ H
[ |
| !

- . . e WS Mas e S MM WS e e S WS Gt Ree e Rl Mt ML et AT MmS SN S Mpe i WS NS NN e e Gme et B0 Yor. G Mfv GmE S M e e TS RO G0 M M e Gms e S e En e G e

70 010 017 018 013 015 000 000 000
?0 009 015 014 011 013 000 000 000
10 005 010 017 014 006 000 000 000

70 002 004 006 006 002 000 000 000
?0 002 003 005 004 002 000 000 000
10 001 003 005 007 003 000 000 000
30 001 002 004 005 002 000 000 000

70 000 001 001 002 001 000 000 000
?0 000 001 001 001 000 000 000 000
10 000 001 001 001 002 000 000 000

000 000 001 001 001 000 000 000

70 000 000 000 000 000 000 000 000
90 000 000 000 000 000 000 000 000
10 000 000 000 000 000 000 000 000
30 000 000 000 000 000 000 000 000
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ILLUMINANCE ¥FROM TOPSIDE OF BLINDS (EXPOSED TO SUN)
HORIZONTAL RLINDS» ANGLE = 75
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ROOM DEFPTH 7/ |

WINDOW HEIGHT | WINDOW WIDTH / WINDOW HEIGHT W/ H
|
|
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b h

e o B e e s e e eeb MAS e oS i G Y M A NS e e Bee e e G S M e W med M0 e Mee S WA med e dem el Ear eir Wl S S R G M4 e oot W0e e wES Gy wwe

P
K ‘...

oy 10 003 005 002 000 000 000 00O 000
.t 30 003 005 001 000 Q00 000 000 000

L
& 8

e 70 02 003 001 000 000 000 000 000
ﬁ ?0 002 003 001 000 000 000 000 000
o 10 000 000 000 000 000 000 000 000
3 30 000 000 000 000 000 000 000 000

70 000 000 000 000 0G0 000 000 000
90 000 000 000 000 000 000 Q00 000
10 000 000 000 000 000 000 000 000
30 Q00 000 000 000 000 000 000 000

| |
| |
) 3 50 1 000 000 000 000 000 000 000 000
! !
| |

70 000 000 000 000 000 Q00 000 000
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MR RR Y A o M T tm ™ n " v P ™ e W mta" s at e ettt e N T ] RISt A

| | !
| | |
AN | 1 S0 | 063 129 202 242 232 322 377 378 1|
i | |
[ | |

1% T - 49 b
.g A
4
T R
S ILLUMINANCE FROM TOPSIDE 0OF BLINDS (EXFOSED TO SUN) !
{” VERTICAL RLINNSs ANGLE = 0 =
e a
¥ I ROOM DEFTH 7/ | I 1
;; ) WINDOW HEIGHT | WINDOW WIUTH / WINDOW HEIGHT W/ H I T
» ! | | 3
4 .
Il D/ H 2 BN I 1 2 3 4 6 8 INF | %
ﬂ 10 325 434 580 701 823 1017 1221 1225 3
» 20 109 196 274 326 379 443 525 526 o
e 70 046 095 162 199 233 266 310 311 j
e 90 038 077 1386 172 202 233 271 272
4 | 10 1 151 238 333 402 459 560 468 475 |
s ! 30 1 038 086 154 190 213 249 291 294 |
2. | 2 SO I 020 047 094 123 141 187 194 194 |
& | 70 1 015 032 064 088 103 25 145 147 |
» ! 20 I 01% 027 0%1 069 083 102 120 121 |
ﬁf 10 082 161 238 292 332 403 451 463
: 30 018 046 093 124 142 170 178 183

l ! !

: ! 1 (
f‘ [ 3 S0 | 009 023 048 048 081 100 109 112 |
! [ !

! I [

o 70 008 017 032 045 034 069 075 076

~ ?0 007 014 028 036 043 0535 060 062
H ! 10 ¢ 048 115 184 228 265 320 359 377 |
o | 30 1 009 027 Q58 082 099 122 135 142 |
N i 4 50 I 005 013 028 040 051 065 072 0746 1
i | 70 1 004 010 019 027 033 043 048 051 |
‘ | 0 I 004 009 017 022 028 035 040 042 |
1 10 I 020 061 119 152 178 219 243 273 |
) 30 1 003 011 027 039 050 065 075 084 |
N ! 6 S0 1 002 006 013 018 023 031 035 040 |
i | 70 1 002 005 010 013 0146 021 024 027 1
! 90 I 002 005 009 012 014 019 021 023 |
; | 10 1 010 033 079 106 125 155 180 221 |
‘ l | 30 1 00% 0035 014 021 027 037 044 0%4 |
! 8 50 1 001 003 007 010 012 017 021 025 |
; | 70 1 001 003 006 008 010 012 015 018 |
| 0 I 003 003 006 007 009 011 014 017 1|

' 10 005 019 053 075 090 112 130 177

' 30 001 003 008 012 016 022 027 037
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ILLUMINANCE FROM TOPSIDE OF BLINDS (EXPOSED
VERTICAL BLINDSy ANGLE = iS5

i N o et S M MR MR S W G e cem M m e e e G N N W e W e e e M G e e G T s e e T M b T et S M Mk s M e sen e e e

{ ROOM DEFPTH /7 1
I WINOOW HEIGHT | WINDOW WIDTH / WINDOW HEIGHT
1 |
1 1

~a
a

Fl

o am w E w—e 4 B W mm . e M G e S W v W S W W M e S M M e G Eee G G e W D Ber G MAs M e e s Eme e mes T NN M W e e e wa mer e M e
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AN P et

) 1 |
| I 001 005 016 027 037 034 065 073 |
| é S0 I 001 003 008 012 018 024 029 032 1|
1 ! I
| ! 1

L 70 028 065 129 172 21t 230 299 300
- ?0 025 052 101 144 179 216 288 2359
! | 10 1 103 205 311 385 4446 553 6867 674 | -~
ﬁ: | 30 I 020 055 125 166 193 233 279 282 | N
n ! 2 50 I 012 030 048 100 121 150 181 182 1 X
= 1 701 010 021 046 067 O0B4 108 132 133 | '
| 90 | 009 018 036 0351 044 0868 106 108 1| S
{ 10 I 042 125 213 272 315 391 442 453 | -
I 30 1 008 026 066 101 122 154 165 169 | -
1 3 S0 ! 005 0t4 033 0351 065 085 097 100 | N
| 7201 004 0311 023 033 (041 057 064 066 | -
I 20 I 004 010 019 027 032 044 050 051 | i;
i 10 1 019 078 157 206 246 305 347 364 ) 4
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ILLUMINANCE FROM TOFSIDE OF BLINDS (EXFOSED TO SUN)
VERTICAL BLINDS, ANGLE = 30
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| ! 1
| } 1
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70 2
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10 003 038 122 174 218 280 325 341
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90 001 004 008 012 018 020 022 024
10 000 009 058 100 13t 179 208 234
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! ! 8 S0 1 000 000 003 004 006 009 011 014 | 3
| 70 1 000 000 002 004 005 007 009 011 | 3
! 90 1 000 000 002 004 005 007 009 O11 | -
! 10 000 001 009 031 0S5t 079 100 136 :i
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412 553 687 904 1133 !

070 144 207 291 382 |

023 050 096 1353 216 |

020 027 049 091 141 t

018 022 033 057 100 |
156 247 316 435 550
015 029 054 105 1353
011 016 019 036 065
009 013 015 020 033
008 0311 013 016 023
036 133 187 273 339
007 013 018 043 0644
003 009 011 015 020
004 007 008 011 012
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0156 068 117 188 241
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ILLUMINANCE FROM TOFSIDE OF BLINUS (EXFOSED TO SUN) .
VERTICAL RLINDS, ANGLE = 7% B
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| } 1 K
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Wi ! 70 1 000 002 004 005 008 007 027 027 | i
! 0 1 000 002 004 004 008 006 013 013 1| -
:2 10t 000 000 017 100 185 318 435 439 |
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f{ ! 2 S0 1 000 CO00 002 003 004 004 008 008 |
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|
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' I |
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10 000 000 000 000 000 000 007 009

| i
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I 000 000 000 000 000 000 001 001 |
70 1 000 000 000 000 000 000 001 001 |
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! I 000 000 000 000 000 000 001 001 |
! I 000 000 000 000 000 000 000 000 |
e ! 10 S0 | 000 000 00O 000 000 000 000 000 |
} I 000 000 000 000 000 000 000 000 |
| I 000 000 000 000 000 000 000 000 |
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I 15 1 001 011 032 047 119 11 002 021 0461 125 222 |
I 30 003 024 069 142 254 11 004 033 095 195 347 |
I 45 1 004 036 103 214 382 It 004 033 094 193 343 |
I 60 I 003 030 087 180 320 Il 003 025 073 150 264 |
I 75 1 002 017 048 099 175 |1 001 013 038 078 137 |
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DISTRIBUTION LIST

AF HQ AF/LEY Washington, DC

AFB (AFIT/LDE), Wright Patterson OH; AFSC/DEE, Andrews AFB, Wash, DC; Scol of Engrng (AFIT/DET)

AFESC HQ, RDVA & RDVCW

ARMY Chief of Engineers DAEN-MPE-E Washington DC; Chief of Engineers DAEN-MPO-U, Washington
DC; FESTA-TS-EC, Fort Belvoir

ARMY - CERL Library, Champaign IL

ASO CO (Code PWB-7), Philadelphia, PA

ASU PWO, Bahrein

BUMED Code 3212, Washington DC

CINCLANTFLT Code N47, Norfolk, VA

§ CINCPACFLT Energy Coord., Pearl Harbor, HI

;‘ CNAVRES Code §732, New Orleans, LA

CNET Code N1083 Pensacola, FL

COMNAVDIST Energy Conserv., Washington DC

DTNSRDC Code 401.4, Energy Conserv, Bethesda, MD

FLEASWTRACENPAC CO (Code N3C) San Diego, CA

FLTCOMBATTRACENLANT Code 182, Virginia Beach, VA

HC & RS Tech Pres. Service, Meden, Washington, DC

LIBRARY OF CONGRESS Washington, DC (Sciences & Tech Div)

MARINE CORPS BASE Camp H M Smith HI

MARINE CO"PS HQS Code LFF Washington DC

MCAS CO (Energy Conserv), Jacksonville, NC

MCRD CG, San Diego, Ca

A MCAS CO, Yuma, AZ

s t NAF CO (Code 18), Midway, Is.; NAF/CO, Lajes, Azores; PWO, Sigonella, Sicily

o

)

—r—rey
BRI
M

A
AN
T

o NAS CO (AOT), Whidbey Island, Wa; CO (Code 18.1), Bermuda; CO (Code 18100); CO (Code 18100), Cecil
,71 Field, FL; CO (Code 18100), Chase Field, Beeville, Tx; CO (Code 18100), Fallon, NV; CO (Code 1815),

- Corpus Christi, TX; CO (Code 1824), Lakehurst, NJ; CO (Code 182H), Key West, FL; CO (Code 18300),
.

Memphis 84, Millington, TN; CO (Code 18330), Lemoore, CA; CO (Code 183U), Miramar, San Diego, Ca;
| CO (Code 184), Moffett Field, CA; CO (Code 18700) Whiting Field, Milton, FL; CO (Code 189720),
Brunswick, ME; CO (Code 18F), Jacksonville, FL; CO (Code 70), Glenview, IL; CO (Code 70), Marietta,
GA; CO (Code 70), So. Weymouth, MA; CO (Code 70C214); CO (Code 71), Willow Grove, PA; CO (Code
721), Belle Chasse LA; Code 183P, Virginia Beach, VA; ENS L. Bochet, Kingsville TX
NATL BUREAU OF STANDARDS Thermal Anal Gp, Wash, DC
NATNAVMEDCEN Code 43, Energy Conserv (PWO) Bethesda, MD
NAVACT CO (Code A171P), London, UK
NAVACTDET PWO, Holy Lock UK
NAVAIRDEVCEN CO (Code 8323), Warminister, PA
NAVAIRPROPTESTCEN CO (Code PW-3), Trenton NJ
NAVAIRTESTCENT Code CT06, Patuxent River, MD
NAVAL HOME SCE Gulfport, MS
NAVAVIONICFAC Code B/732
NAVCOASTSYSCEN CO (Code 352), Panama City, FL
NAVCOMMAREAMSTRSTA CO (Energy Conserv), Naples, It.
NAVCOMMAREAMSTRSTA Code 41, Norfolk, VA
NAVCOMMSTA CO (Code 20) San Diego, CA; CO (Code 314), Stockton, CA; CO (Code 401), Nea Makri,
Greece; CO (PWD), Exmouth, Australia
NAVCOMMU PWO, Thurso, Scotland
NAVCOMMUNIT CO (Code 50), East Machias, ME
NAVDET OIC (Energy Conserv), Souda, Bay, Crete
NAVEDUTRACEN CO, Code 44, Newport Rl
NAVELEXSYSCOM ELEX 1033 Washington, DC
NAVFAC CO (APOWO), Pacific Beach, WA; CO (Code 04) Coos Head, Charleston, Or; CO (Code 05) '
Centerville Beach Fernadale, CA; CO (Code 300), Antigua; CO (Code S0A). Brawdy Wales, UK; CO .
(Energy Conserv), Big Sur, CA
- NAVFACENGCOM Alexandria, VA; Code 03 Alexandria, VA; Code 03T (Essoglou) Alexandria, VA; Code 04
Alexandria VA; Code 05, Alexandria, VA; Code 08, Alexandria VA Code 09MS4, Tech Lib, Alexandria,
VA; Code 11, Alexandria, VA; Code 111 Alexandria, VA; Code 1113, Alexandria, VA; Code 111B
Alexandria VA
NAVFACENGCOM - CHES DIV. CO Code 11 Washington, DC; Code 04, Wash, DC; Code 05, Wash, DC;
Library, Washington, D.C.; RDT&ELO Wash. DC
NAVFACENGCOM - LANT DIV, Code 04 Norfolk VA Norfolk VA; Code 04, Norfolk, VA; Code 05,
Norfolk, VA; Code 11, Norfolk, VA; Library, Norfolk, VA; RDT&ELO 102A, Norfolk, VA
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NAVFACENGCOM - NORTH DIV. Code 04 Philadelphia. PA; Code 04AL, Philadelphia PA; Code 05, Phila,
PA; Code 11, Phila PA; Code 111 Philadelphia, PA

NAVFACENGCOM - PAC DIV. Code 04 Pearl Harbor HI: Code 05, Pearl Harbor, HI; Code 11 Pearl Harbor
HI; Code 111:SI, Pearl Harbor, HI; Code 402, RDT&E, Pearl Harbor HI: Library, Pearl Harbor, HI

NAVFACENGCOM - SOUTH DIV. Code 04, Charleston, SC; Code 05, Charleston, SC; Code 11, Charleston,
SC; Code 90, RDT&ELO, Charleston SC; Library, Charleston, SC

NAVFACENGCOM - WEST DIV. CO (Code 1113), San Bruno, CA; Code 04, San Bruno, CA; Code 0S5, San
Bruno, CA; Code 11 San Bruno, CA; Library, San Bruno, CA; RDT&ELO Code 2011 San Bruno, CA

NAVFUELDEP OIC (Energy Conserv), JAX, Fl

NAVHOSP APWO (Code 13), Beaufort SC

NAVOBSY Code 67, Washington DC

NAVOCEANSYSCEN Commander (Code 411), San Diego, CA

NAVORDFAC CO (Code 66), Sasebo, Japan

NAVORDSTA CO (Code 0931), Louisville, KY; Code 0923, Indianhead, MD

NAVORDSYSCOM Code SPL-631

NAVPGSCOL Code 43B, Monterey, CA

NAVPHIBASE CO (PWO), Norfolk, VA

NAVPLANTREP Hercules Inc., Magna, UT

NAVREGMEDCEN CO (Code 133), Long Beach, CA; CO (Code 93), Camp Lejeune, NC; CO (Code A09) -
Engr Div. Phila., PA; Code 310, Portsmouth, VA

NAVRESREDCOM Commander (Code 07), Great Lakes, IL; Commander (Code 072), San Francisco, CA

NAVSCOLCECOFF C35 Port Hueneme, CA

NAVSCSCOL CO (Code 50), Athens, GA

NAVSEASYSCOM PMS-396/33 Washington DC

NAVSECGRUACT CO (Code 30), Puerto Rico; CO (Code 40B), Edzell, Scotland; CO (Code N60),
Homestead, FL; CO (Energy Conserv), Sonoma, CA; CO (Energy Conserv.) Winter Harbor, ME; CO
(PWD), Adak, AK; Code 40, Chesapeake, VA; PWO, Torri Sta, Okinawa

NAVSECGRUCOM Energy Conserv., Washington DC

NAVSECSTA Code 540, Washington DC

NAVSHIPYD CO (Code 405); Code 402.4, Philadelphia PA; Commander (Code 406), Portsmouth, NH; PWD
{Code 400.03), Charleston SC; Puget Sound, CMDR (Code 402.3), Bremerton, WA

NAVSTA (Code S0A) Rodman, Panama Canal; CO (Code 18410), Mayport, FL; CO (Code 413), Grmo, Cuba;
CO (Code 52), Brooklyn NY; CO (Code ODE), San Diego, CA; CO (Energy Conserv); CO (PWD),
Keflavik, Iceland; CO (PWD), Rota, Spain

NAVSUBASE CO (Code 803), Groton, CT; PWO Bangor, Bremerton, WA

NAVSUPPACT CO (Code 413), Seattle, WA; CO (Code 81), Mare Island, Vallejo. CA; CO (Code N52), New
Orleans, LA; CO (Energy Conserv), Naples, Italy

NAVSUPPBASE CO (Encrgy Conserv) Kings Bay, GA

NAVSUPPFAC CO (Energy Conserv) Diego Garcia [; Code 02, Thurmont, MD

NAVSUPPO CO (APWO), La Maddalena, Italy

NAVSURFWPNCEN Dahlgren Lab, WW-02 Dahlgren VA

NAVTELCOMMCOM Code 05, Washington DC

NAVUSEAWARENGSTA CO (Code 073E2), Keyport, WA

NAVWPNCEN Commander (Code 2635), China Lake, CA

NAVWPNSTA CO (Code 09221), Concord, CA; CO (Energy Conserv) Yorktown, VA; CO (Energy Conserv).
Colts Neck, NJ; Code 0911, Seal Beach CA

NAVWPNSUPPCEN CO (Code 092E), Crane, IN

NCBC CO (Code 80), Port Hueneme, CA; CO (Energy Conserv), Davisville, Rl

NOAA Library Rockville, MD

NRL PWO Code 2530.1, Washington, DC

NSC CO (Code 46A) San Diego, CA; CO (Code 70A), Puget Sound, WA

NSD CO (Code 50E)

NTC CO (Code NACS0F) Orlando, FL

NUSC CO (Code 5204), Newport, RI

ONR CO (Code 701) Pasadena, CA

PACMISRANFAC CO (Code 7031), Kekaha, HI

PMTC Commander (Code 6200-3), Point Mugut,, CA

PWC CO (Code 1003), Oakland, CA; CO (Code 100E), San Diego, CA; CO (Code 100E3), Oakland, CA; CO
(Code 153), Guam; CO (Code 30), Pearl Harbor, HI; CO (Code 60t), Subic Bay; CO (Code 610),
Pensacola, FL; CO (Code 613), San Diego, CA; Code 100A, Great Lakes, IL; Code 116, Seattle, WA; Code
154 (Library), Great Lakes, IL; Code 600A Norfolk, VA; Library, Code 120C, San Diego, CA; Library,
Guam; Library, Norfolk, VA; Library, Oakland, CA; Library, Pearl Harbor, HI; Library, Pensacola. FL;
Library, Subic Bay, R.P.; Library, Yokosuka JA; NAS Pensacola, FL

SPCC CO (Code 763), Mechanicsburg, PA

SUPSHIP ADMINO, San Francisco, CA; Code 901

USNA Code 170, Annapolis, MD
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FRANKLIN INSTITUTE M. Padusis, Philadelphia PA
LAWRENCE BERK LAB Window & Lighting Prog. Berkeley, cA
LOS ALAMOS SCI LAB Solar Energy Gp. Los Alamos, NM
MIT Cambridge MA (Rm 10-500, Tech. Reports, Engr. Lib.)
UNIVERSITY OF WASHINGTON Insti. for Envir. Studies
PG&E Library, San Francisco, CA

SANDIA LABORATORIES Library Div., Livermore CA
UNITED KINGDOM LNO, USA Meradcom, Fort Belvoir, VA X

| RN

A l". I“"i’.";

o

. x

DY

e
)

-

>

.o
P

A e ta ta e el

'

.




m.,ﬁwr.d.w?

i, s




